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Typical Aluminum —Silicon Bond to Gold formed at 500°C for one minute. 


The Tunnel Diode Pair 
Introduction To The Avalanche Transistor 
Gold Alloying To Eutectic Surfaces 


NEW LINK 


in Industry’s Strongest Chain of Transistor Performance 
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PHILCO 


Famous for Quality the World Over 


LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 
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PHILCO 


2N2048 


GERMANIUM 
SWITCH 


Philco’s new 2N2048 is the forerunner of a broad line 
of 150 mw MADT switching transistors. The new 
power dissipation capability is available in uniformly 
reliable: high-speed units, at surprisingly low cost, 
via proven MADT automation. 


Intended for both saturated and non-saturated logic 
circuits, the Phileo 2N2048 gives you more than com- 
parably priced transistors—more drive per transistor, 
more switching speed per dollar invested in tran- 
sistors, and the extra capability of extra power dis- 
sipation for applications that require it. 


Philco 2N2048 features include minimum hpr of 50, 
maximum V(SsAT) of 0.14V., minimum fr of 150 me.,and 
tightly controlled Vgr ranging from 0.25V. minimum 
to 0.35V. maximum. For complete information 


write Dept. SP761. 
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CRYSTALLIZE YOUR cates 
SOLID-STATE DEVELOPMENT <~*<244/+ 
WITH A MATERIALS ee. 
RESEARCH PIONEER 


Your profits in the next decade will be greatly benefited by the right choice of supplier of solid-state materials. 
The key question is what criteria to use in making the choice. The simplest, most reliable criterion has to be PAST PERFORMANCE. 


Judged on this basis the Electronic Chemicals Division of Merck & Co., Inc. deserves your attention. In just four short years, it has 
achieved these exclusive major breakthroughs: 


1958 Float zone, vacuum refined, doped single crystal silicon - 1959 Z-Met Thermoelectric materials 
1960 Epitaxial silicon N+ N wafers and Ill-V Compounds - 1961 Epitaxial germanium P+ P wafers 


When you hitch your product development to Merck 
materials research you are enlisting a proved pro- 
ducer. If you want to be the first to exploit new 
solid-state materials breakthroughs, join the ranks MERCK &CO.Ic. - ranway. NEW JERSEY 

of Merck customers today. Write, wire or phone your 

needs, problems, hopes. RESEARCH and PRODUCTION FOR BETTER SOLID-STATE MATERIALS 


*Trademark 


Electronic Chemicals Division 
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Highest purity precisely detined 


to meet critical electronic manufacturing needs 


J.T. Baker 


SEMI-CONDUCTOR CHEMICALS 


ELECTRONIC 


CHEMICALS 


‘Baker Analyzed €éageuc# 


j 


FERRITE AND 
THERMISTOR CHEMICALS 


EMISSION CHEMICALS 


THE J. T. BAKER ELECTRONIC CHEMICALS listed below offer you , 
the highest standards of purity in the industry—proved by } 
the most informative labeling in the industry. Every ‘Baker i 
Analyzed’ label provides an Actual Lot Analysis that de- - 
fines purity to the decimal; many also provide an Actual | 
Lot Assay. Your variables are minimized...rejections are: 
fewer... product performance is improved. 


IMPORTANT. ‘Baker Analyzed’ Reagents have consistently ; 
met or exceeded the requirements of the electronics indus- - 
try. Through a continuing program of establishing addi- - 
tional and more stringent specifications, the ‘Baker ’ 
Analyzed’ label consistently defines a degree of purity so‘ 
high that special electronic labeling is unnecessary. Prices ¢ 
are economical... deliveries are prompt and dependable : 


Yours for the asking— 
Important guide to 


electronic chemicals. 


Describes J. T. Baker chemicals of exceptional 
purity for semi-conductors, vacuum tubes, fer- 
rites, thermistors, etc. Also includes specification 
sheets that define the high standards for ‘Baker 
Analyzed’ Reagents. Write for your complimen- 
tary copy today. 


Bak 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 


ELECTRONICS BUYERS’ GUIDE — July 20, 1961 
When ordering or seeking information, please mention 


Acetic Acid, Glacial 
Acetone 

Aluminum Nitrate 
Aluminum Sulfate 
Ammonium Carbonate 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Phosphate 
Antimony Trioxide 
Barium Acetate 
Barium Carbonate 
Barium Fluoride 
Barium Nitrate 
Benzene 

Boric Acid 

Cadmium Chloride 
Cadmium Nitrate 
Cadmium Sulfate 
Calcium Carbonate 
Calcium Chloride 
Calcium Fluoride 
Calcium Nitrate 
Calcium Phosphate 
Carbon Tetrachloride 


in each marketing area. 


J.T. BAKER ELECTRONIC CHEMICALS 


Cobalt Carbonate 
Cobalt Oxide 
Cobalt Nitrate 
Ether, Anhydrous 
Hydrochloric Acid 
Hydrofluoric Acid 
Hydrogen Peroxide, 


30% and 3% Solution 


Lithium Carbonate 
Lithium Chloride 
Lithium Nitrate 

Lithium Sulfate 
Magnesium Carbonate 
Magnesium Chloride 
Magnesium Oxide 
Manganese Dioxide 
Manganese Nitrate 


Manganese Sesquioxide 


Manganous Carbonate 
Methanol 

Nickel Carbonate 
Nickel Oxide, Black 
Nickel Oxide, Green 
Nickelous Chloride 


Nickelous Nitrate 
Nickelous Sulfate 
Nitric Acid 

Petroleum Ether 
Potassium Dichromate 
Potassium Hydroxide 
iso-Propyl Alcohol 
Radio Mixture No. 3 
Silicic Acid 

Sodium Carbonate 
Sodium Chloride 
Sodium Hydroxide 
Sodium Phosphate Dibasic 
Strontium Carbonate 
Strontium Nitrate 
Sulfuric Acid 

Toluene 
Trichloroethylene 
Triple Carbonate 
Xylene 

Zinc Chloride 

Zinc Nitrate 

Zinc Oxide 


> TO LOCATE NEAREST SALES OFFICES, SEE GREEN SECTION. 
ELECTRONICS BUYERS’ GUIDE. 
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Front Cover 
A typical bond formed between aluminum-silicon and gold at 
500° C for a period of one minute. Photo courtesy Alloys Unlim- 
ited, Inc. (See article starting on page 29.) 
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SILICON NEWS from Dow Corning 


« 


(Part 4) 


The Untouchables 


Specify Crucible Charges of 
Deposited Hyper-Pure Silicon 


Free brochure — “Hyper-Pure 
Silicon for Semiconductor 
Devices.” Write Dept. 1819 


Pre-packaged single piece crucible charges ... . 
in sizes and weights to meet the exact require. - 
ments of your Czochralski crystal growing equip- - 
ment ... are now available from Dow Corning. 


-sp-- 


Accurately Pre-weighed, these single piece 
crucible charges assure easy handling . . . small- 
est surface area... highest purity . . . an excep- 
tionally clean melt and a savings in crucible costs. 


— 


High Quality is inherent in Dow Corning cru- . 
cible charges. The deposited polycrystalline sili- - 
con in these charges has never touched a mold. 
Result — highest purity. 


This High Purity means consistently higher ° 
quality crystals — simplifies doping procedures 
— increases device yield. Typical resistivity of 
N-type crystals grown from Dow Corning pre- « 
packaged crucible charges is greater than 100- | 
ohms centimeter for 80% of the crystal; maxi- | 
mum boron content, 0.3 parts per billion atoms; | 
maximum donor impurity, 2.0 parts per billion. . 


Now You Specify the Weight and Diameter, | 
up to 38 mm (about 114”), best suited for each 
crucible of your Czochralski crystal growing | 
machines. Your crucible charges will be supplied - 
in the appropriate length to provide the exact 
weight you require in just one piece. 


Protective Packaging guards initial deposited 
purity right through crucible charging. Charges 
are individually wrapped in special cellophane, | 
and sealed in airtight polyethylene envelopes 
to assure untouchable purity. 


Whatever your need — deposited silicon crucible 
charges; polycrystalline rod or chunk; high — 
resistivity P-type single crystal rod; single crystal _ 
rod doped to your specifications — Dow Corning 
should lead your list of sources. 


HYPER-PURE SILICON DIVISION, 
Address: HEMLOCK, MICHIGAN 
Dow Corning CORPORATION 
MIDLAND, MICHIGAN | 


ATLANTA BOSTON CHICAGO CLEVELAND 
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vital to 
ultrasonic 
_ machining... 


_ NORBIDE* 
| §6.. boron 
- carbide 


’ 
; The Raytheon Company, a leading 
1 manufacturer of ultrasonic impact 


ie eer wee 


» ess as including: 

’ ... ‘mechanical vibration at 25,000 
cycles per second, above the range of 
) the human ear amplified and 
| transmitted to the cutting tool... Tiny 
| particles of abrasive are accelerated 
...and driven with tremendous im- 
' pact against the work, thereby chip- 
| ping or grinding an exact counterpart 
of the tool face into the work... This 

.. . together with the vibrating nature 
' of the process, plus the absence of 
' direct tool-to-work contact and the 
| presence of the cool abrasive, make 
| impact grinding a cool-cutting process. 

The work material is not stressed or 
distorted in any way, and is not 
raised in temperature.” 

Recommended by Raytheon, 
Norton NORBIDE boron carbide is 
the ideal cool-cutting abrasive for 
ultrasonic grinding and machining. 

Always recognized as second only 
to diamonds in hardness, and as 
much more suitable for ultrasonic 
impact than silicon carbide grain, 
this Norton achievement has been 
recently improved to even higher 
effectiveness. 

And now, improved NORBIDE 
boron carbide has greater freedom 
from impurities — which assures 
greater, longer lasting cutting power in 
each ounce of grain. 


The cool abrasive 


Raytheon Ultrasonic Impact Grinders are widely used for slicing of semiconductor wafers, as 
shown, and in later dicing of the wafers, Other machining operations include drilling, engraving, 


broaching, trepanning, shaping, shaving, lapping etc. Driven against the work with an impact force of 
150,000 times its own weight, NORBIDE boron carbide grain is recommended by the Raytheon Com- 
pany as the “cool” abrasive that meets every requirement for high precision, trouble-free cutting action. 


Your Norton Man will be glad to 
tell you how ultrasonic machining is 
opening up new potentialities in 
many manufacturing fields, applied 
to a variety of materials — and how 
improved NORBIDE boron carbide 
can benefit your own operations in 
this modern field. See your Norton 
Distributor or write to NORTON 


COMPANY, General Offices, Worcester 
6, Mass. Plants and distributors 


around the world. : 
G-415 


NORTON 


BORON CARBIDE 


*Trade Mark Reg. U.S. Pat. Off. and Foreign Countries. 


itcideoetter products ...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels * Machine Tools * Refractories * Non-Slip Floors — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones * Pressure-Sensitive Tapes 
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why Pacific Semiconductors, Inc. 


electronic chemicals 


6 : Benesar creeks 
® So ee Rispooa: anes: SE eS 


Ultra-high purity B&A’ “Electronic Grade” Chemicals 


@ share in PSI’s intensive reliability program 


PSI is engaged in some of the most far-reaching reliability programs 
ever undertaken. In the Minuteman silicon diode reliability program, for 
example, PSI has facilities for testing 500,000 diodes at one time. 


In excess of 1,134,000,000 diode-hours of test information is being 
accumulated by PSI in seeking to achieve a failure rate of .0002% per 
1,000 hours for Minuteman diodes. Exacting standards of these 
proportions can be achieved only when every piece of equipment and 
every item of material and supply is faultless. 


: PSI depends on ultra-high purity Baker & Adamson “Electronic Grade” 
Chemicals to perform important functions in the manufacture of high 
performance, high reliability semi-conductor devices. These chemicals 
meet the strictest standards for purity and uniformity...hold 
impurities to the lowest levels ever attained. 


If a requirement of your products is ultra-high purity and reliability, get 
the full B& A quality story. Write on your letterhead for detailed information. 


BAKER & ADAMSON® [MY @YS- qe B) = GENERAL CHEMICAL DIVISION 


** Electronic Grade’”’ 40 Rector Street, New York 6, N.Y. 
Chemicals 
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‘Do-it-yourself crystal growing, slicing and lapping 
involves extensive expenditures in labor, space, and 
‘machinery. Besides tieing up your capital, you absorb 
the material losses. No wonder so many cost and 
quality-conscious device manufacturers are turning 
to Grace for slices and lapped slices . . . where they 
get 100% usable product to their exact specifications. 


Another reason is uniformity. Grace ultra-high 
purity silicon in all forms is produced under standards 
far more exacting than even the most particular 
customer’s specifications. This insistence on perfec- 
tion assures you savings. You don’t have to change 
your manufacturing process with each silicon order. 
Perfection is standard at Grace . . . where the quality 
control is constant from the basic chemistry to the 
delivered product. 


Grace has all forms and grades of silicon. Call 
collect today for full details and price information. 
Even if you are doing your own slicing and lapping, 
you should have the facts on this valuable second 
source of supply. 


POLYCRYSTALLINE SILICON—a) Bulk for Czochralski crystal growing. 
P or N type. Grades I, II, III and Solar. Large uniform lots. 

b) Poly-Rods for zone refining. Diameters up to 1’’. Length to 15’’. 
Resistivity to 1,000 ohm-cm. with correspondingly high lifetimes. 


MONOCRYSTALS—Czochralski and Float Zone monocrystals grown 
to your specifications. 


SLICES AND LAPPED SLICES—Precise control assures uniform slice 
thickness, parallelism and surface perfection to your specifications. 


Subsidiary of W. R. Grace & Co. G R cE West Coast Rep.: Chafin & Asso- 
101 N. Charles St., Baltimore, Md. ciates, Los Angeles, San Francisco 


PL. 2-7699 « TWX: BA-390 DUnkirk 5-3955 « TWX: LA 2170 
GRACE ELECTRONIC CHEMICALS, INC. 
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Pioneering new frontiers in furnaces for semi-conductor products; 


When flat zones of 60" at *7°C are possible, will this 
Hevi-Duty furnace laboratory announce the news? 


With the expansion of this laboratory for research and 
development, Hevi-Duty enters a new phase as the 
leading supplier of furnaces for semi-conductor prod- 
ucts. Drawing on nearly 50 years experience applied 
to cooperation with leading semi-conductor manufac- 
turers in well over a hundred furnace systems, Hevi- 
Duty research promises new achievements in precise 
process control. 


The Hevi-Duty semi-conductor furnace laboratory at 
Watertown, Wisconsin, includes extensive instrumen- 
tation for the study of heat distribution and control 
problems. Operating profiles obtained in the laboratory 
help to prove the ultimate operating potential of present 
furnaces using commercially available control systems. 
Thus, the results of Hevi-Duty Laboratory work can 
be applied quickly in field installations to meet the 
latest in customer requirements. 


In addition, data obtained in the laboratory provides 
much useful information leading to design improve- 
ments for furnaces for the semi-conductor industry. 


Hevi-Duty batch or automatic furnaces are available 
to meet semi-conductor heat processing needs: reduc- 
tion and casting, diffusion, melting, oxiding, deposition 
alloying, soldering, decarburizing, glassing. Get full 
details from your Hevi-Duty sales engineer or write to 
Hevi-Duty, Watertown, Wis. 


Hevi-Duty 
Electric Company, 
Watertown, Wis. 


_HEVI-DUTY 


A Division of 
Basic Products 
Corporation 


Electric and Fuel-Fired 
/ndustria] Furnaces and Ovens 
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Standard-production 
Mallinckrodt silicon 
single crystals—Zone 
Refined on the left, 
Czochralski on the right. 


SINGL available in the widest range of specs—resistivity, type, dopant, orientation, diameter tolerance, 
lifetime, diglocation density, oxygen concentration. iand 1 Single Crystals in all popular diameters, 
including Zone Refined with diameters to 25 mm. I—Pol : rents. Low boron level and outstanding 
uniformity give higher crystal yield in your resistivity range at lowest cost per gram of sable crystal. TA? —Low 


resistivity, single-crystal base material. Also purified silicon tetraiodide for vapor deposition. co 
Highest purity for all etching, cleaning and drying treatments. With so many other variables holding down device viele: it 
makes sense to improve processing ... and profits... with uniformity in silicon and chemicals. Send your specifications 
and requirements today—to Mal I 


INDUSTRIAL CHEMICALS DIVISION :- St. Louis 
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u/tra pure Gallium 
from EAGLE-PICHER 


New applications for Gallium are 


: ° Eagle-Picher Rare Metals 
being discovered and : 


and Semiconductors 


GALLIUM, ultra pure. 
Metallic crystals, minimum purity 99.9999 % 
Metallic crystals, minimum purity 99.999 % 


GALLIUM SESQUIOXIDE 


to meet the growing demand 

for this rare metal, Eagle-Picher 
offers painstaking production 
and dependable supply. 


—also immediately available 
CADMIUM SULPHIDE 


GERMANIUM DIOXIDE, minimum purity 
99.999 Yo 


FIRST REDUCTION GERMANIUM METAL, mini- 
mum resistivity 5 ohm-cm. 


INTRINSIC GERMANIUM METAL, minimum re- 
sistivity 40 ohm-cm. 


SINGLE CRYSTAL GERMANIUM (undoped) mini- 
mum resistivity 30 ohm-cm. 


SINGLE CRYSTAL GERMANIUM (doped) to 
customers’ specified resistivity. 


We offer, also, a complete 


line of Germanium products. 


SPECIAL SHAPES. Intrinsic Germanium Metal 
for horizontal or vertical crystal growing. Wide 
variety in stock, other shapes furnished to 
customers’ specifications. 


SCRAP GERMANIUM PLAN. Scrap Germanium 
may be returned for economical reprocessing 
under a toll arrangement. 


Since 1843 


THE EAGLE-PICHER COMPANY 
Chemical Division, Dept. SP-761 


GENERAL OFFICES: CINCINNATI 1, OHIO 


10 
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New and now available to industry—a low cost, high tem- 
perature, high vacuum bake oven. Tri Metal’s 0-8 oven 
operates at 800°C while maintaining pressures as low as 
1 x 10-6 mm Hg. 

The 0-8 achieves temperature uniformity of 3° at 0 to 800°C 
and is the low cost oven that functions perfectly at 
temperatures above 250°C and pressures on the 6th scale 
without custom modification. 

Tri Metal’s new oven not only saves you money at pur- 
chase time, it is also extremely economical to operate and 
easy to maintain. 

No water-cooling of the door is required. Accepts bench or 
dry box mounting. 

Tri Metal Works has been engaged in the custom fabrica- 
tion of high vacuum components and equipment for leading 
manufacturers and users since 1946. You are invited to see 
a demonstration of 0-8 in our plant laboratory. Call or 
write for appointment. 


INDUSTRIAL DIVISION 


A PARTIAL LIST OF CLIENTS: RCA/Western Electric Co. 
Tullahoma Air Force Base / General Electric Co. /Clevite Corp. 
Union Carbide-Nuclear Div.—Oak Ridge / Burroughs Corp. 
Princeton University / University of Virginia/F. J. Stokes Corp. 
H. W. Butterworth—Div. of Van Norman Industries / Drever Co. 


HIGHER TEMPERATURE HIGH VACUUM OVEN 


HIGHER TEMPERATURES 

Up to 800°C. 

BETTER UNIFORMITY 

Plus or minus 3°C, 

LESS MAINTENANCE 

Low-Cost, Neoprene ‘O” ring gaskets 
guaranteed one year. 


FASTER HEAT UP 
500°C in 23 minutes. 


CLOSER CONTROL 

1/C Thermocouple INSIDE the work zone. 
HIGHER VACUUM 

1 x 10-6 Torr* (mm Hg) @ 500°C. 


COOLER EXTERIOR 
All surfaces cool to the touch. 


TRI METAL WORKS INC. 


For a Free Detailed Brochure Write To: 

TRI METAL WORKS INC., Industrial Division 
1600 Bannard Street, East Riverton, New Jersey, 
or Phone 829-2000. 


*terminology recommended by Standards Committee of American Vacuum Society 
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TRANSISTOR AND COMPONENT TEST! 


fl 
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Fast, Simplified Programming 
With Punched Cards 


MAXIMUM VERSATILITY PLU? ECONOMY 


taCt BuiLDING-BLOCK DESIGN GIVES YOU BOTH! 


TACT is a universally applicable transistor 
and component tester that will meet both pres- 
ent and future requirements without undue 
investment. It is a sequentially controlled sys- 
tem which advances through as many as 24 
test parameters, applying pre-programmed 
test limits and visually reading out and/or 
recording measured results. Time-proved test 
circuitry is combined with punched-card pro- 
gramming to produce a highly accurate sys- 
tem of high sequential testing speeds. 


TACT systems won’t become obsolete—can 
be expanded to accommodate future tests or 


extended to testing printed circuit boards, 
modular circuits, etc. 


@) 


PLANTS IN HOUSTON 


High Testing Accuracy results from reduction 
of readout and signal cable leakage and inter- 
ference. Test circuitry cabling has been re- 
duced to approximately one-tenth of other 
designs offering similar testing capabilities. 


Repeatability of Testing is maximized by 
punched-card programming and remote con- 
trol of common test circuitry. Program cards 
can be retained and used indefinitely, assur- 
ing high repeatability and a permanent record 
of test conditions. 


Nontechnical Personnel can operate TACT 
systems with minimum training. Reprogram- 
ming can be accomplished in minutes without | 
circuit board or plug-in unit changes. 


APPARATUS DIVISION /] TEXAS | N ST RU M EN TS 


AND DALLAS, TEXAS 


INCORPORATED 
3609 BUFFALO SPEEDWAY 
P.O. BOX 6027 HOUSTON 6, TEXAS 
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NOW: All kinds of metal stampings and wire forms 
for semiconductors... by the millions! 


From just a few feet away, some of these parts are all but ture our own wire and ribbon to be sure of their quality. 

invisible to the naked eye. Close up, each reveals the This thoroughness minimizes rejection rates and helps 

marvel of precision that marks all Sylvania parts custom- customers meet their own production schedules. 

made for semiconductor device manufacturers. Our experience with a wide variety of materials means we 
} You'll find our millions-of-parts-per-day facilities pay can satisfy a greater number of special requirements. We 
_ you big dividends whether you need caps or cups, clips or have even developed our own equipment to handle 

clamps, cuts or leads, heat sinks or headers. Our special- unusual needs. 

ties? Stringent production schedules and incredibly tight vi 

erancds: Total result to you: unsurpassed quality in semiconductor 
' Specifically, Sylvania maintains a tough-minded quality parts—even if you order millions of parts per day. 

control department that even covers equipment tooling For further details—or a quote on a specific project—write 

and inspection of incoming material. We even manufac- Sylvania Electric Products Inc., Parts Division, Warren, Pa. 


SUBSIDIARY OF 


GENERAL TELEPHONE & ELECTRONICS 
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Editorial ... 


Although carbon, like silicon and german- 
ium, is an element of Group IV, its uses as 
semiconductor are extremely limited. Diamond, 
for example, has a large intrinsic energy gap, 
of the order of 5.6 ev, and therefore acts almost 
/as an insulator. For this reason the discovery 
by J. F. H. Custers in 1952 that some diamonds 
from Premier Mine in South Africa has semi- 
conductor properties arose considerable in- 
terest. These diamonds, called Type II, possess 
unknown impurity dopants, probably of ac- 
ceptor type, Group III, which add acceptor 
levels inside the energy gap, in the vicinity of 
the valence band. In practice donor levels also 
are present, but the net behavior of the crystal 
‘is that of a p-type semiconductor. 

Various investigations have been developed 
for the purpose of measuring the crystal proper- 
ties and deriving the corresponding energy level 
structure. These investigations are limited by 
difficulties due to the scarcity of the crystals, to 
their small size, to the presence of stochiometric 

imperfections, and to the lack of direct synthesis 
techniques under controlled conditions. 

_ The properties which have been measured 
are the resistivity, the Hall constant, the op- 
tical absorption, the photoconductive response 
to various radiations, the electroluminescence, 
the rectification characteristic, etc. For example, 
optical phosphorescence bands at 466.5 mu, 531 
mu and 572 mu have been measured. Through 
direct application of relations derived from the 
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Semiconductor Diamonds 


hydrogen-like structure it has been computed 
that a major acceptor level is at 0.34 ev, that 
the effective hole mass is 0.25 times the free 
electron mass, that the density of acceptor im- 
purities is 63x10" cm™®, that the Hall mobility 
is 1260 cm*/volt sec at room temperature, while 
the magnetoresistance effect mobility is 3800 
cm’ /volt sec. Donor level concentrations of the 
order of 2x10 cm® have also been measured, 
but the corresponding location of the level has 
not been determined. 

Similarly the structure of the constant energy 
curves has not been studied. In the cases of 
germanium and silicon these curves present 
valleys in the proximity of the edge of the con- 
duction band and appear as “warped” spheres 
near the edge of the valence band. Information 
about the band structure near such edges is 
obtained by means of the cyclotron resonance 
experiment. In this case, applying a d-c mag- 
netic field H and an r-f electric field transverse 
to H, of frequency equal to the cyclotron fre- 
quency We == 9Hm*c, it is found that the elec- 
trons absorb energy from the r-f field. If the 
lifetime between collisions is larger than 1/we, 
the resonance absorption of power occurs. Its 
peak position gives information about the effec- 
tive electron mass. 

Although extensive measurements have been 
made so far on the properties of these diamonds, 
much work is to be done to ascertain the origin 
of the various energy levels. 
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Semimetals Adds One More... CUSTOMER ORIENTATION| 


When sudden demands strain your crystal growing department, turn to Semimetals for monocrystal germanium. . 
We understand the needs of device manufacturers...the schedule peaks that must be levelled...the requirements 
for delivery on a crash basis...the unusual material in lab quantities for experimentation...the technical assistance 
on special problems. We also understand the necessity of protecting your proprietary information... keeping it 1m 


strictest confidence. These are the results of our total customer-orientation; our knowledgeability in the business. 


For many years, we have been a prime germanium crystal source to the semiconductor industry. We produce: 
monocrystals by both zone levelling and Czochralski techniques, in standard orientations, with dopants as specified. 
Etch-pit concentrations of 2,000 to 5,000/cm?, 4,000 to 8,000/cm? and 6,000 to 12,000/cm? are supplied as: 
standard; lower dislocation densities can be produced on special request. Low-lifetime materials for fast-switching: 


applications are available. 


Semimetals is also an excellent source for infrared device materials. Whether your needs are cast germanium, 


single-crystal germanium, or silicon, investigate our facilities, 
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D. J. HAMILTON 


N THE APPLICATION OF TUNNEL DIODES to digital 
computers, a two-diode circuit called a pair, or 
twin, has been found to be useful as a basis for 
doth logic and multivibrator circuits. Because the pair 
is a three-terminal network, one expects that it will 
be more interesting and perhaps more useful than the 
ingle tunnel diode. Since the pair is a network of 
active, nonlinear elements, for large signal applica- 
tions it is convenient to construct a volt-ampere char- 


The composite V-I characteristic of the pair is easily 
derived from the V-I characteristics of the individual 
diodes; a study of the composite characteristic reveals 
that the pair does indeed possess several advantageous 
features not common to the individual diodes. The 
composite characteristic provides a convenient demon- 
stration of the effects of supply voltage and resistance 
upon the performance of the pair and leads to an un- 
derstanding of the design and operation of logic and 
multivibrator circuits. 


The V-I Characteristic of the Pair 


The tunnel-diode pair circuit is formed by connect- 
‘ing two tunnel diodes and a supply source as shown 
‘in Fig. la. The supply source may be a d-c voltage, 
ora pulsed or sinusoidal voltage. The internal resist- 
ance of the supply is for the present assumed to be 
zero; effects of non-zero source resistance will be 
considered later. 

It will be convenient to discuss the V-I characteris- 
tic of terminals ab of the pair shown in Fig. 2; this 
‘characteristic is derived from the individual diode 
characteristics. It is assumed that the diodes are iden- 
tical, and the pair is split as shown in Fig. 3a. We may 
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The Tunnel Diode Pair 


M. J. MORGAN 


A study of the volt-ampere characteristic of the two-tunnel-diode pair, or twin circuit, 
brings into focus the advantages of the circuit over the single tunnel diode. The V-I 
characteristic provides the designer with valuable information concerning the effects of 
varying the voltage of the sources supplying the bias voltage for the pair; the effects of 
internal resistance of the supply sources; the design of diode-pair circuits to perform 
majority logic; the design of diode-pair circuits for astable, monostable, and bistable 
multivibrator operation; the trigger requirements of multivibrator circuits; and the 
effects of loading upon multivibrator circuits. 


write two loops equations for Fig. 3a to determine 
that: 
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These two characteristics are shown in Fig. 3b. 


SUPPLY 
Ve DIODE PAIR 
Ip 
o 
E 
Ee 4 
+ - 
a 0.5 
WO, 
v a 
P=] 
oO 


-100 200 300 400 


VOLTAGE, V(I),mv 


500 


(b) 


i—Diode pair circuit with V-I characteristic of 
individual diodes. 
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Fig. 3—Circuit and characteristics used to obtain V-I 
characteristics of the pair, 


When terminals c and d are connected together to 
form terminal a, Vay = V.» = Va and I — I, — Ix. 
Thus the pair characteristic is formed by plotting the 
difference (I, — Iz) as a function of Va»; a sketch of 
a typical plot is shown in Fig. 4. 

It will be noted that the pair characteristic is similar 
in shape to the individual diode characteristics: it 
has a region of negative conductance bounded by two 
regions of positive conductance, and the current is a 
single-valued function of the voltage. This similarity 
of characteristics suggests that the pair will be able 
to perform any function which can be performed by 
the single diode. 
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Further consideration of the method by which the 
composite characteristic was obtained reveals that the 
pair possesses several advantageous properties no’ 
shared by the single diode: 

1. The V-I characteristic may be changed by 
varying the supply voltage Vs. 

2. A value of supply voltage can be chosen so tha’ 
the characteristic in both regions of positive 
conductance is controlled primarily by th: 
tunneling characteristics of the individua: 


diodes. i 
3. The V-I characteristic has odd-function sym- 
metry, ie., (Van) = —I(—Vap). 


All of these properties are important in the use o 
the pair in logic and multivibrator circuits. The firs 
and third properties can be deduced from inspectior 
of Fig. 3b; the second deserves further comment. 

For a single tunnel diode, the characteristic in the 
high-voltage region is highly dependent upon tem- 
perature. For V > V,, the current is given approxi- 
mately by: 


I = I, exp [q (V — V.)/kT] 


where I, is the tunnel diode valley current and is 
itself an exponential function of temperature. On the 
other hand, in the region 0 < V < V,, the charac~ 
teristic is determined primarily by the tunnelin 
properties of the diode and is reasonably independent: 
of temperature. By choosing V, = V, + V, for th 
pair, we can take advantage of the tunneling prop-— 
erties of each diode while minimizing its thermal. 
properties. This choice of supply voltage causes the: 
current peak for terminals db to occur at a voltage: 
for which the current through terminals cb is (+1,);. 
very nearly zero. In this region the slope of the char-: 
acteristic of terminals cb is very small for a broad! 
range of voltages. Thus the characteristic in this: 
region is determined primarily by the tunneling char-- 
acteristic of terminals db. Furthermore, when: 
V, = V, + V, the peak current I’, of the pair is: 
I’, = I, — I,, the maximum value which I’, can have.. 
Small changes in V, will change the voltage at which: 
I’, occurs, but will not materially alter the value of I’p. 

The three parameters of interest for the pair char-. 
acteristic (I’,, V, and V;) can be calculated in terms 
of the parameters of the individual diodes. If we as-. 
sume that the supply voltage has been chosen to be. 
V, = Vy» + V>,, we have demonstrated that the peak 
current is: 


Isis | 
By inspection we note that: 


Va = V,/2 — Vo. 


To calculate V,, we first assume that the current I, 
in Fig. 3b through terminals db is 


I, = I, exp [¢q (Vi + V./2 — V,)/kT 


where q is the electronic charge, k is Boltzmann’s 
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zonstant, and T is the temperature in degrees Kelvin, 
when Vy, = Vj. 

_ Next we assume that the characteristic of the in- 
ividual tunnel diodes is linear in the low-voltage 
region, so that the current through terminals cb is 
m— (I,/V,) (V./2 — Vi) when V.» = Vj. Since V; 
is the voltage for which the current into the pair is 
zero, I, and Iz. must at that voltage be equal. Thus the 
ranscendental equation to be solved for V, is 


MT, exp 19(V1 + V./2 — V.)/kTL= 22 (V./2 — V2) 
Vp 


- For the General Electric 1N2939 diode with 
I, = 1 ma., V, = 0.055 volt, 
I, = 0.1 ma., V, = 0.350 volt, 

we obtain the following values: 

I,’ = 0.9 ma. 

V. = 0.405 volt 


V, = 0.148 volt 
Vi 0.182 volt 


I 


Supply Voltage Variations 

We have shown that the supply voltage is an im- 
portant factor in determining the V-I characteristic of 
the pair. One may think of the pair circuit of Fig. 2 
as a nonlinear active two-port network, in which the 
supply voltage is connected to port 1 and the volt- 
ampere behavior of port 2—the terminals ab—is 
observed. As the supply voltage is varied a family of 
characteristics for terminals ab is obtained. A study 
of such a family, three curves of which are shown 
in Fig. 5, reveals interesting information regarding 
several approximate ranges of supply voltage: 

1. When 0 < V, < 2V,, no negative conductance 
region appears in the V-I characteristic of the 
pair. 

2. For 2V, < V, < 2V, the V-I characteristic ex- 
hibits a negative conductance region. Further- 
more, when V, = V, + V, the value of the peak 
current of the pair is maximum. 

3. When V, is larger than approximately 2V,, no 
negative conductance region appears in the V-I 

characteristic. 

_ We shall later see that this variation of V-I char- 
acteristic with supply voltage can be employed to 
advantage in both logic and multivibrator circuits. 


Effects of Resistance 

In the practical case, the supply voltage sources 
may have internal resistance as shown in Fig. 6, or 
there may be resistance in series with the pair, as in 
Fig. 7, or both. One would like to obtain a simple 
‘characteristization of the behavior at terminals ab 
in Figs. 6 and 7 in terms of the V-I characteristic of 
the idealized pair. It can be shown that it is not pos- 
sible to obtain such a simple equivalent representa- 
tion for Fig. 6 for all conditions of bias voltage and 
‘source resistance. However, if one considers only 
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Fig. 4—Typical V-I characteristic of a diode pair with 


matched diodes. 
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source resistances R < V,/I, and bias voltage 
V, = V, + V,, it can be shown that the behavior at 
terminals ab in Fig. 7 represents a very good ap- 
proximation to the behavior at terminals ab in Fig. 6. 
We shall thus confine our attention to the case for 
which there is resistance in series with terminals ab 
as shown in Fig. 7. We may now make several gen- 


ats) 


Fig. 6—Source resistance for balanced sources. 


Fig. 7—Equivalent circuit for the pair with balanced 
sources having resistance. 
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Fig. 8—Effects of source resistance on the V-I character- 
istic, 
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eral observations about the V-I characteristic in the 
presence of R. Suppose we assume that zero current) 
flows through terminals ab. There will be no voltage: 
produced across R and therefore the voltage Va» wil 
be the same as for the case R = 0, regardless of the 
value of R. For the case R = 0 we have seen tha 
there are three possible values for Va, when I = 0: 
Vi» = 0, Van = +Vi, Von = —V1. These values fe+ 
main unchanged as R is varied. 

It can also be shown that the value of the peak 
current I,’ for the V-I characteristic of terminals ab‘ 
remains the same, regardless of the value of R. The 
voltages at which I = +I,’, however, are changed 
The voltage at which I= I,’ is V = —V, + I,’ R while 
the voltage at which I = —I, is V = V, —I,’ R. Thus: 
as R is varied we obtain a family of curves such as 
that shown in Fig. 8. For most applications the pres- 
ence of R is undesirable. Ideally one wishes to have 
infinite conductance in the positive conductance re-’ 
gion so that the pair appears to be a voltage source 
whose polarity is positive or negative depending upon: 
the state of the individual diodes. As long as the 
magnitude of the current is less than I,’, the voltage 
at terminals ab would remain fixed. 

In the practical case, when R = 0, the conductance 
in the positive conductance region is moderately high: 
and a change of current of I,’ produces about a 30 
millivolt change in voltage. As R is increased, the 
same change in current produces a much larger! 
change in voltage, and the characteristic becomes 
more “sloppy.” If R is made large enough, the nega-- 
tive conductance region of the characteristic disap-- 
pears, as Fig. 8 demonstrates. Thus increasing Ri 
represents an increasing departure from the ideal! 
case. 


A Logic Application 


The tunnel diode pair has been used by Goto to; 
perform logic operations.! The basic circuit is shown: 
in Fig. 9; this type of logic circuit uses a pulsed supply ' 
source and performs majority logic as follows. It is: 
assumed that all inputs come from other diode pairs. . 
A logical “1” state is defined as existing when V,» is 
positive and in the positive conductance region. A 
“0” state exists when V,, is negative and in the posi- 
tive conductance region. We assume that initially the 
clock voltage is zero for the particular pair under 
consideration. All of the inputs which come from 
pairs in the “1” state will cause a current to flow into 
terminal a, and the inputs which come from pairs 
in the “0” state cause a current to flow out of terminal 
a. The net current at terminal a will thus have a 
direction corresponding to that of the majority of 
the inputs. 

For example, suppose that the majority of the in- 
puts favored the “1” state, and a net current is flowing 
into terminal a. If the clock is now turned on, the 
V-I characteristic begins to take shape as previously 
described. The current into terminal a, although it 
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nay be very small, forces V,, to be positive. When 
anegative conductance region begins to appear in the 
sharacteristic, all input currents could be reduced to 
ero and the state of the pair would remain that 
which the majority of inputs had been. Thus, once a 
aegative conductance appears in the characteristic 
e pair is “locked” in the majority state. As soon as 
he pair is locked, the clock serving all the input pairs 
ay be removed since the majority information is 
tored in the pair under consideration as shown in 
ig. 9. Output lines may be taken from terminal a 
to drive other pairs served by still another clock. 

_ Based on our previous discussion of the pair, we 
nay make several general remarks concerning the 
air as a logic circuit. First, the variation of the V-I 
haracteristic of the pair with supply voltage is an 
essential feature of the operation of the majority logic 
circuit. Because of this capability, only a small net 
majority current is needed to “prejudice” the pair as 
its clock source is turned on. 

Second, high positive conductance of the character- 
istic is necessary in the pairs supplying the inputs so 
that their voltages, and hence the input currents, do 
not exhibit much variation with the number of inputs 
a pair must supply. 

Third, odd-function symmetry of the pair is essen- 
tial so that the voltages, and hence the input currents, 
produced by pairs in the “0” state will be opposite in 
direction but very nearly equal in magnitude to those 
produced by pairs in the “1”’ state. 

These last two features are necessary if a majority 
of only one in the input lines is to be capable of pro- 
ducing a net current in the proper direction to “preju- 
dice” the pair toward the majority state. From our 
discussion of the effects of resistance we conclude that 
for optimum performance the supply source resistance 
should be as nearly equal to zero as is possible. We 
also note that any unbalance between the diodes of 
the pair will tend to destroy the odd-function sym- 
metry of the characteristic, thereby making the cur- 
rents produced in the “1” state different from those 
produced in the “0” state. Hence a single majority 
'may not be sufficient for correct operation. 

Finally, the V-I characteristic of the pair helps to vis- 
_ualize its operation and design in a logic circuit. Once 
the supply voltage has reached its maximum value 
and the supplies have been removed from all other 
pairs connected to the pair under consideration, all in- 
put and output lines appear approximately to be con- 
_ductances of value G=1/R, connected to terminals ab. 
This is shown graphically in Fig. 10 where the slope 
of the “load-line” is the negative of the sum of all 
the G’s connected to terminal a. For unambiguous 
Operation we note from Fig. 10 that the total con- 
ductance must be less than I,’/V,. Since all the con- 
ductances are equal, this imposes a maximum on the 
conductances for a given number of inputs and out- 
puts. The minimum value of conductance can be de- 
termined by a “worst-case” analysis which takes into 
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Fig. 10—Use of the V-I characteristic to determine total 
input and output conductance. 


Fig. 11—Multivibrator with voltage trigger. 


account the tolerance variations of R, and the param- 
eters of the V-I characteristic, as well as the voltage 
variation resulting from the finite slope of the char- 
acteristic. 


Multivibrator 

In general for multivibrator action, a circuit must 
exhibit a negative conductance at some terminal pair 
to cause regeneration, and an energy storage element 
to maintain the proper switching sequence. In the case 
of the circuit in Fig. 11, the diode pair provides a region 
of negative conductance, and the inductor furnishes 
the energy storage. The inductively-coupled multi- 
vibrator of Fig. 11 will be used to further illustrate 
the usefulness of the diode pair V-I characteristic in 
the multivibrator design. 

There are three possible modes of operation for the 
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C (MONOSTABLE 
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B (BISTABLE 
LOAD LINE) 


-1.0 
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Fig. 13—V-I characteristic with load lines for the three 
modes of operation. 


circuit: astable, bistable, and monostable. With the 
assistance of the V-I characteristic for diode pair and 
the equivalent circuit of Fig. 12, one can design the 
multivibrator for the type of operation desired. In 
the equivalent circuit it is of interest to note that if 
R, and Rez are equal, the voltage V,, is zero since the 
equivalent voltage, V, is V,/2. Thus the equivalent 
resistance R appears to be connected to terminals a-b, 
and the load line will pass through the origin of the 
V.»-I characteristic. 

The procedure for designing a multivibrator circuit 
is straightforward. One selects a reasonably well- 
matched pair of tunnel diodes and chooses a value 
of supply voltage to obtain the desired V-I character- 
istic (normally V,=V,+V,). Then R,; and R, are 
chosen to produce a load line which intersects the 
characteristic at the proper points for the desired 
mode of operation. For astable operation, the load line 
must intersect the V-I characteristic at only one point, 
and the single point of intersection must be in the 
negative conductance region. This can be accom- 
plished by making R; and Ry» equal and of value less 
than 2V,/I,’. The astable mode is illustrated in Fig. 
13 by line “A.” 

For the bistable mode the load line must intersect 
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the characteristic at two points in the positive conduc-: 
tance regions; this is shown in Fig. 13 by line “B.” 
Again R, = R, and V, = V, + V> are chosen, but R,! 
and R» must be of value greater than 2V,/I,’. The two 
stable states of the circuit are given by the points of 
intersection of the load line and the V-I characteristic 
in the positive conductance regions. 

As is shown in Fig. 13 by line “C,” the monostable 
mode requires that there be a single intersection of) 
the load line and the characteristic and that the inter. 
section be in one of the positive conductance regions. | 
Unlike the other two modes the load line cannot pass 
through the origin of the characteristic if the diodes 
are matched, because the proper intersection with the 
V-I plot cannot be achieved. Therefore R; and Rz must 
be unequal in order to provide the required offset 
of the load line. In addition, the values of R; and Re 
are chosen to produce the desired point of intersection 
which defines the single stable point of operation of 
the circuit. ; 

When the multivibrator is loaded, one can gain some 
insight of the effect on its operation from V-I charac- 
teristic. A resistance load which is directly coupled 
to the output terminals adds another resistance in} 
parallel with R.; consequently the equivalent voltage, 
V, is changed. Thus both the slope and the position 
of the load line are changed, and the mode of opera-- 
tion of the circuit may be changed. The conclusion is: 
that load resistance should be large in comparison 
with R»,. In the case of an a-c coupled load, its value: 
should be large in comparison with R,. due to its: 
shunting of the output terminals. 

The subject of triggering merits consideration be-- 
cause of its importance in the monostable and bistable : 
modes. We shal! assume the bistable mode for il-- 
lustration of the use of the V-I characteristics in. 
determining the trigger requirements. We shall also as- - 
sume R, = Rz so that the operating points of the cir- - 
cuit are as shown in Fig. 14a thus requiring that a. 
current I, is flowing in the inductor. As will be shown, 
there are two possible methods of triggering the 
multivibrator of Fig. 11, current or voltage triggering. 
Current triggering is the most straight-forward of the 
two methods because all that is required is to inject 
into terminal a a current greater than (I,’ —I,); 
since the current in the inductor will not change dur- 
ing the trigger, the total current into terminal “a” 
will exceed I,’, and the operating point will be forced 
into the other region of positive conductance. Voltage 
triggering is more interesting because it takes ad- 
vantage of the variations of the V-I characteristic 
with supply voltage. As has been previously demon- 
strated in Fig. 5, the peak value, I,’, of the V-I char- 
acteristic can be varied by changing the supply volt- 
age. It will also be noted that I,’ will decrease for 
either positive or negative variations of V, in the 
region of V, = V,+V,. Therefore by adding a posi- 
tive or negative trigger voltage in series with the 
supply, assuming V, = V,+ V,, the peak current of 
the V-I characteristic can be decreased. If the trigger 
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3 of sufficient amplitude, the peak of the character- 
tic, I,’, will fall below the value of I,, as shown in 
ig. 14. Since the inductor maintains the current I, 
to terminal “a,” the operating point will switch into 
he other positive conductance region. As a result of 
e knowledge of the effect of voltage variations on 
he V-I characteristic, one can determine the approxi- 
ate magnitude of trigger required by adjusting the 
upply voltage until I,’ becomes less than I,; the dif- 
erence between this voltage and the d-c operating 
oltage is the required trigger magnitude. (Note that 
ightly different magnitudes of positive and negative 
riggers will be required). When the trigger is re- 
oved, the current in the inductor changes slowly 
d the operating point relaxes to the stable point 
I, as shown in Fig. 14. 


urve Tracer 


In order to verify the theoretical results discussed 
previously and to permit the study of the effects of 
unbalances in the diode pair circuit, the curve tracer 
of Fig. 15 was designed. Because of the desirability 
of using an X-Y plotter in obtaining a record of the 
characteristic curves, a scheme involving a manual 
sweep was chosen. R,;,; provides the necessary sweep 
voltage, which can be varied by manually adjusting 
the potentiometer. Ry and Rj» limit the range of the 
sweep voltage. Resistors R; and R» provide a coarse 
and fine adjustment of the supply voltage, V,, for the 
pair. The effective source resistance is furnished by R; 
which is the same as R in Fig. 7. To make possible the 
study of unbalances in supply voltage, S; and Rx are 
included. Unbalance of source resistance is obtained 
by opening S. and S;. The output quantities are two 
voltages: V,, is measured directly, but the current, I, 
is measured by developing a voltage across Rj» pro- 
portional to I. 

All of the curves shown in Fig. 5 and 8 were made 
with the curve tracer circuit of Fig. 15. The broken- 
line portions of the curves are extrapolated points. 
The extrapolation is necessary because of spurious 
results caused by oscillation of the diodes in the nega- 
tive conductance region. To overcome the problem 
of oscillations, one must keep the circuit impedance 

as low as possible. 
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An Introduction To The Avalanche Transistor 


CA Dake 


sistors has been known for some time and a 

number of articles!® on this subject have ap- 
peared in the literature in the past few years. How- 
ever little advantage could be taken from such opera- 
tion since only recently have suitable transistors 
become available. This came about as the result of 
improvements in manufacturing technology (leading 
to, for example, the reduction of surface leakage cur- 
rents) which enabled units capable of operating con- 
tinuously and reliably at the high voltages involved 
to be produced. For example, silicon alloy units are 
now available which have high switching speed, (typ- 
ically of the order of one or two nano-seconds) and 
high power handling capability (the rated dissipa- 
tions being 50 watts peak and 250 milliwatts mean). 
These properties suggest that this type of transistor 
may find progressively wider fields of application, one 
obvious use being in the next generation computer. 

Exploratory work is presently being carried out to 
improve the operation of these transistors and to 
solve the problems associated with their incorporation 
in equipments. In the following a detailed description 
of the processes taking place inside the transistor is 
given, the operation of some simple circuits incorpo- 
rating the avalanche transistor is explained, and some 
aspects of its negative resistance property are briefly 
outlined. 

In order to describe the avalanche mode operation 
of a transistor it is first necessary to describe the 
collector breakdown characteristics of the common 
base (BVcro) and common emitter (BVcxo) con- 
figurations. This must be done because avalanche 
mode switching is nothing more than a rapid transi- 
tion from common base type breakdown to the com- 
mon emitter type. 


T= AVALANCHE MODE type of operation of tran- 


Common Base Breakdown 


Collector breakdown of a transistor in the common 
base configuration is breakdown of the collector to 
base diode. While such breakdown can be due to a 
Zener process or surface effects, the most usual cause, 
and that which must be the cause for avalanche mode 
operation, is carrier multiplication within the space 
charge region of the reverse biased diode. 

This type of breakdown occurs because current 
carriers crossing the space charge region do so under 
the effects of an electric field. The carriers interact 
with the crystal lattice, and in so doing give up energy 
which can cause the creation of hole-electron pairs. 
As the applied voltage is increased, the electric field 


*Raytheon Company, Semiconductor Division, Newton, Mass. 
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becomes stronger so that the carriers acquire more’ 
energy between interactions and can thus generate 
more hole-electron pairs upon interaction. The hole 
and electrons which are created travel out of the space 
charge region in opposite directions and each pair 
therefore constitutes a carrier crossing the entire re- 
gion. The theoretical limit to this occurs when eac 
carrier crossing the entire region has a probility of 
unity of creating a hole-electron pair. (This is « 
slight simplification since holes and electrons have 
different properties regarding the generation of hole~ 
electron pairs, but the statement is essentially cor~ 
rect.) The breakdown leads to voltage-current char-' 
acteristics of the type shown in Fig. 1. 

In addition to causing collector breakdown, this: 
carrier multiplication process has another important; 
effect, namely on the current gain of the transistor. 
Consider the common base current gain a or hj, which: 
may be considered to be made up of the four factors: 


(D6 hy = a’ Bym 


Here a* is the so called collector efficiency and usu- 
ally has a value greater than unity; it will be con- 
sidered to be exactly unity in this discussion. £ is the: 
transport factor and represents the fraction of the: 
minority carriers injected into the base by the emitter ° 
which reach the collector, the balance being lost by’ 
recombination. y is the emitter efficiency, which is: 
defined as the fraction of the emitter current which | 
is made up of minority carriers entering the base re-- 
gion. m is the multiplication rate of the collector space | 
charge region. 

The last mentioned effect is the same as that which. 
causes the collector diode breakdown, and is included 
in the above equation because the hole-electron pairs 
created in the space charge region are swept out with 
electrons going to the n-type side and the holes going 


. Vg OR BVcaq 


| 
| 
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| 
| 
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Fig. 1—Common base characteristic with emitter open. 
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OR BVego 


Fig. 2—Common base current gain vs. Collector voltage. 


to the p-type side. Since they are then majority car- 
riers, those entering the base may make up for losses 
due to § (recombination) and y (emitter efficiency). 
In other words, since these losses no longer need be 
made up by base lead current but are supplied by 
current crossing the collector junction, the gain is 
increased. If the transistor has values of 6 and y of 
almost unity, only a small amount of multiplication 
is sufficient to increase h,, to unity. The variation of 
hy, with changes in collector voltage V, is shown by 
the typical curve in Fig. 2. It may be noticed that 
this has the same general shape as that in Fig. 1; 
this is to be expected since both are governed mainly 
by m. The value of hy, is unity at a collector voltage 
which is labelled V,,, in Fig. 2; when the applied 
voltage is greater than this value, the gain exceeds 
unity. 


Common Emitter Breakdown 

Turning now to the common emitter configuration, 
the current gain for this is related to the common 
base current gain by the relation: 


a a= hy 
l—a 1 — hy, 


hye = (2) 
When the collector to base voltage is such that hy, 
equals unity, h,;, becomes infinite and the collector 
may be considered as being in the break-down condi- 
tion. A physical explanation of this phenomenon is 
that all losses of minority carriers from the emitter 
are replaced by the products of multiplication in the 
collector space charge region, the effect of this being 
the same as if all the collector current were made up 
of minority carriers injected from the emitter. How- 
ever this leaves the collector still unsatisfied in its 
efforts to deplete the base of the normally present 
minority carriers, and so the collector current in- 
creases. Now an increase in collector current must 
_be matched by an increase in emitter current (i.e. 
more carriers are injected into the base) and there 
still exists a condition where the collector has not 
depleted the normally present minority carriers. This 
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Fig. 3—Comparison of common base and common emitter 
breakdown. 


process continues until the various circuit resistances 
account for sufficient voltage drops to result in a 
stable operating point. A comparison between the 
current-voltage characteristics for the common base 
and the common emitter configurations, the latter 
having open circuited base lead, is given in Fig. 3. 
The current level for the common emitter case is 
higher throughout; this occurs because the minority 
carriers which reach the collector from the emitter 
are in excess of the normal reverse current (m I,). It 
can be shown that its value is: 


I, = mI, (hye + 1) (3) 


Composite Characteristics 


The next circuit to be considered is a common 
emitter configuration having a base supply capable 
of reversing polarity. This is shown in Fig. 4a, and 
Fig. 4b shows the static characteristics obtained. When 
the base current is applied in the conventional direc- 
tion, normal emitter characteristics are obtained. 
However, when the base current is reversed, both 
diodes in the transistor operate in a reverse biased 
condition (assuming the collector voltage is not too 
high); the emitter is now not injecting minority car- 
riers into the base and the collector characteristics 
are of the common base type. 

If the reverse base current is larger than the col- 
lector current, then the emitter diode will be reverse 
biased since the current difference flows as a reverse 
emitter current. As more collector voltage is applied, 
the collector current increases. This increase will take 
up some of the base current and the emitter current 
will become smaller. Eventually a point is reached 
where the base to collector current flowing through 
the base resistance of the transistor is sufficiently 
large to forward bias a portion of the emitter. When 
this happens, the transistor reverts to the common 
emitter breakdown mechanism. If large reverse base 
currents are used, this does not occur until a collector 
voltage nearly equal to V, is applied. For small re- 
verse base currents, e.g. shown by -the one unit re- 


verse base current curve in Fig. 4, the collector volt- 
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lie Ip IN ARBITRARY UNITS 


Fig. 4—(a) Common emitter circuit with reversible base 
current; (b) Composite characteristics. 
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Fig. 5—Common emitter switch. 


age May never exceed the normal common emitter 
breakdown voltage V,,,. The reason for this is that 
the current through the base resistance is sufficient 


to forward bias a portion of the emitter at the V 
voltage. 


am 


Switching Mechanism 


When an avalanche transistor is arranged to oper- 
ate as a switch, the most common practice is to apply 
a reverse base current sufficiently large to hold the 
entire emitter in a reverse biased condition, while a 
collector voltage almost equal to V. is applied; in 
these circumstances the collector diode is operating in 
a condition of high multiplication. To initiate the 
switching process, the base current is suddenly 
changed from the reverse to the forward direction 
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and the collector experiences an extremely rapid 
change to the V,, voltage. It is speed of this transi: 
tion which makes this method of operation unique. 
Shockley and Gibbons* have explained why this 
switching occurs so rapidly. Normally, the switchin 
time is governed by the time the diffusing minority: 
carriers take to reach the collector in large enough 
numbers to cause a specified change in collector cur 
rent. The above authors point out that in avalanch 
mode operation the collector diode is in a condition 
of high multiplication before switching starts, and) 
when the leading edge of the wave of diffusing mi 
nority carriers arrive (not enough to cause muc 
change in the collector current) a large number o 
hole-electron pairs are generated. The carriers whic 
are swept back into the base are majority carriers 
and these immediately require the presence of more 
minority carriers to maintain charge neutrality. The 
emitter therefore emits more minority carriers, an 
again it requires only a small portion of the leadin 
edge of the diffusing carriers to cause large back in- 
jection of majority carriers. This process continues} 
rapidly until very large emitter to collector currents: 
flow. The high initial speed of the switching action 
is progressively reduced as the collector voltage 
approaches V,,, because the multiplication drops 
sharply, but overall switching speeds are obtained: 
which are very much greater than those to be ex- 
pected from a normally operating transistor of com- 
parable base width. 


Pulse Amplifier 

One basic application of the switching circuit de-- 
scribed in the previous section is in an externally; 
triggered switch or pulse amplifier. A typical com-- 
mon emitter circuit is shown in Fig. 5. The initial or: 
off state of the transistor is, as mentioned previ-- 
ously, the condition where the emitter diode is reverse | 
biased by the base bias circuit and the collector is: 
allowed to attain the avalanche potential V, via the: 
300 Kilohm resistor and the 300 volt supply. When ai 
triggering pulse is applied to the base the transistor: 
changes to the on state in the manner explained 
previously and the collector capacitor, charged to Vq 
during the off time, is discharged via the collector 
to emitter breakdown path and the 50 ohm output re- 
sistor. The extremely low series resistance of the 
discharge circuit allows high peak currents to flow, 
typically of the order of 1 ampere, so that an output 
pulse of 50 volts amplitude is available across the 50 
ohm resistor. The collector to emitter breakdown 
only lasts so long as there is stored energy in the ca- 
pacitor to sustain it since the alternative path (from 
the 300 volt supply via the 300 Kilohm resistor) is 
unable to supply sufficient current. After initiating 
the operation the base trigger potential must be re- 
moved so that the emitter diode may revert to the 
reverse biased condition and the collector circuit 
must be allowed time to recharge so as to be ready 
for a subsequent operation. 
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An emitter follower switch, a slight variation on 
she above circuit, is shown in Fig. 6. Here the only 
eal difference is the position of the 50 ohm resistor 
the output circuit; it is shown as the termination 
‘or the cable connecting the switch to the circuit to 
xe fed from it and may typically constitute the input 
esistance of the latter. The practical difference be- 
ween the two switch circuits is that the output from 
he common emitter switch is negative while that 
om the emitter follower is positive; in both cases 
ie trigger input signal is positive. 
The maximum pulse recurrence frequency at which 
he switch may operate is determined by the allow- 
able mean dissipation of the transistor. This can be 
ivided into four parts as follows: 
a) The dissipation in the off state 
b) The energy associated with the discharge of the 
collector capacitor during the switching time 
(CV?/2), averaged over the whole cycle 
c) The dissipation in the on state 
d) The dissipation during the relatively slow re- 
covery from the on to the off state 
The relative importance of these four factors contrib- 
uting to the total dissipation will change as various 
circuits and different transistors, possibly made from 
different materials, are considered. 


Oscillator 
The circuit of Fig. 7 shows the basic switch con- 
nected in a self-exciting or relaxation oscillator cir- 
cuit. The mechanism which initiates the switching is 
as explained in the section on composite characteris- 
tics. Thus, if the emitter is initially biased in the re- 
verse direction, the current flowing from collector to 
base creates across the extrinsic base resistance a 
gradually increasing voltage which eventually be- 
comes large enough to forward bias the emitter di- 
ode; thereupon the avalanche switching process takes 
place. When the collector capacitor has been dis- 
charged, i.e. the on condition can no longer be main- 
tained, the emitter diode ceases to conduct and the 
‘circuit gradually reverts to the original condition 
whereupon a repetition of the cycle ensues. 
_ The maximum obtainable operating frequency is 
again set by power dissipation considerations. Of the 
four previously mentioned parts contributing to this, 
(a) and (c) can in this application be neglected, and 
it is assumed that (d) is also negligibly small (true 
for the 2N1468 transistor). In that case the energy 
associated with the capacitor discharge CV*/2 must 
be averaged over the period T of the oscillation. 
Since the capacitor discharge time is much smaller 
than the recharge time, it may be assumed that the 
latter is equal to T so that 


4h —= GC his loge WV coh CV op ve; Va) 


where V,, and V, are the supply and transistor ava- 
lanche voltages respectively and C and R, represent 
the collector capacitor and resistor respectively. Us- 
ing the above expression for T, the mean dissipation 
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Fig. 6—Emitter follower switch. 
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Fig. 7—Oscillator circuit. 


p — CV?,/2T becomes: 
{OB V.7/2R, loge [Vice/ (Veg a? V,)] 


which is independent otf the value of C. 


Punch-Through Oscillictor 

The punch-through oscillator operates in a basically 
similar manner to the avalanche mode oscillator de- 
scribed above, but relies instead on the punch-through 
effect. This effect, which in general is considered un- 
desirable, occurs when the collector is biased to the 
punch-through voltage V,; this results in such a wide 
collector depletion layer that it stretches right through 
the base to the emitter, thus collapsing the potential 
barrier of the emitter and allowing minority carriers 
to flow into the space charge region. The effect dis- 
appears when the collector bias is removed and does 
not cause permanent damage to the transistor. As 
already stated, an oscillator based on this effect can 
be made to operate in a manner very similar to that 
described in the preceding section provided that, for 
the transistor used, V, < Vg. 


Measurement Of Switching Speed 


The rapid switching speeds encountered with the 
type of circuit described requires the use of special 
oscilloscopes since the bandwidth of those generally 
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ne: 


Fig. 8—Mechanical layout of circuit of Fig. 5. 


encountered is insufficient to give true displays of the 
associated waveforms. A number of sampling and 
other types of oscilloscopes have recently become 
available, and these may typically have rise-times of 
the order of 0.4 nanosecond. In addition great care 
must be taken with the mechanical layout of the cir- 
cuits and the use of coaxial lines and components has 
been found beneficial. Fig. 8 is a photograph of the 
circuit of Fig. 5 laid out using coaxial components 
and Fig. 9 shows the switching waveform displayed 
on the oscilloscope; in this figure the horizontal scale 
is 1 nanosecond per centimeter and the height of the 
pulse is 70 volts. It may be seen that the rise-time of 
this transistor, which is usually measured between 
the 10 and 90 percentile points, is approximately two 
nanoseconds. 


Negative Resistance 


The switching performance of the avalanche mode 
transistor intuitively suggests that its characteristics 
include a negative resistance portion, and Fig. 4 
shows that under certain biasing conditions a nega- 
tive resistance may be obtained. The “S” shape of the 
curves show that this negative resistance is current 
controlled, i.e. the collector voltage is a single valued 
function of collector current. When comparing this 
property with those of the tunnel diode, it should be 
remembered that the latter has an “N” shaped curve 
yielding a voltage controlled negative resistance. It 
appears that little has been done to date to exploit 
this property of the avalanche mode transistor; it 
may be expected that an avalanche mode transistor 
negative resistance amplifier will be noisier than one 
employing a tunnel diode because the d-c bias cur- 
rents involved have larger magnitudes and the multi- 
plication process at the collector junction may adda 
noise component to the output signal. 


Applications 
It is to be expected that it is the switching property 
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Fig. 9—Switching waveform. 


based on the avalanche effect (rather than the punch- - 
through effect or the negative resistance) that will | 
receive most attention in the future. An obvious ap- - 
plication of the transistor is in a pulse generator. . 
Already it is possible to generate pulses having 50 | 
volts amplitude and nanosecond rise and fall-times | 
available from a generator impedance of 50 ohms and 
at a repetition rate of 50 to 100 kilocycle per second. 
It is probably not too optimistic to predict that ad- 
vances in manufacturing technology and encapsula- © 
tion of the transistor in coaxial packages or strip 
transmission line components will enable this per- 
formance to be improved to megacycle repetition 
rates and fractional nanosecond rise and fall-times. 

A potentially much wider field of application of the 
transistor is in computers of the future, operating 


' with clock rates of tens of megacycles. The fast rise- 


times of the avalanche transistor and the ability to 
control recovery time both with transistor design and 
external circuitry as well as the low manufacturing 
cost of fusion alloy transistors make the future ex- 
tremely bright. 
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trode attachments in fabricating semiconductor 
devices (pressure, evaporated films, electro- 
plating, thermocompression bonding, and alloying) 
the alloy fusion technique, where feasible, is the most 
satisfactory method for obtaining an intimate and 
permanent contact. 

In device processing, corrosive acids are often used 
to etch p-n junctions to improve electrical properties. 
Alloying materials with good corrosion resistance 
therefore are not only desirable, but at times neces- 
sary. Gold meets this requirement quite well. The 
melting points of gold eutectics with germanium and 
silicon (356° and 370°C, respectively) are high enough 
to provide adequate device stability, yet low enough 
to provide ease of fabrication. In addition, they con- 
tain sufficient quantities of gold (88 and 94 wt %, 
respectively) to provide good etch resistance. 

A common practice in producing p-n junctions in 
silicon is to alloy aluminum onto an n-type silicon 
surface. Upon cooling, the end product is the alumi- 
num-silicon eutectic. General experience at the 
Hughes Semiconductor Division has been that de- 
vices made by attaching a gold or gold-alloy elec- 
trode to the eutectic, have occasionally shown me- 
chanical failures concurrent with the appearance of 
a brittle, porous, and purple phase. It is the purpose 
of this study to record the results of some investiga- 
tions into alloys which may prove useful in electrode 
attachments, and also to determine the nature of this 


O' ALL THE COMMON TECHNIQUES for making elec- 


Presented at the Electrochemical Society S. C: Symposium, 
Chicago, May 1960. 


*Now with Alloys Unlimited, Inc. A portion of this work was 
done by the author while with Hughes Semiconductor Prod- 
ucts. 
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Gold Alloying to Germanium, Silicon 
and Aluminum-Silicon Eutectic Surfaces‘ 


Part 1 


The results of separate studies of large and small area bonds to germanium and silicon 
surfaces are discussed. Metallurgy and choice of backing material to avoid cracking are 
described. Compositions of gold-tin offer the most versatile bonds in a variety of atmos- 
pheres. Electrode attachments to the aluminum-silicon eutectic regions in semiconductor 
devices, by means of gold or gold alloys, often produce a condition referred to as the 
“purple plague” (the AuAl, phase formation) with subsequent mechanical failure. Con- 
ditions which promote its formation in addition to the more desirable AusAl phase are 
discussed. Wetting and surface tension problems associated with attachments to the Al-Si 
surface via Au-Sn, Au-Ge and Au-Si alloys are described in connection with the gold- 
aluminum compound formation. Typical photomicrographs and thermal expansion curves 
for the systems involved are presented herein. 


purple phase. The study deals with the problems in 
alloying gold to germanium and silicon surfaces with 
emphasis on cracking due to thermal mismatch and 
the problem of initiation of wetting. 


Alloying to Silicon and Germanium Surfaces 

Although there has been much published data on 
the less noble metal contacts to silicon and germa- 
nium, a literature search produced very little on gold 
alloying. Taylor!?:*; concerned himself primarily with 
conditions under which semiconductor surfaces are 
cracked during fabrications. Sullivan* and Eigler dis- 
cuss the hydriding technique for alloying onto silicon. 
Henkels® presents a generalized usage of germanium 
and silicon contact solders. Peterson® and co-workers, 
and Jenny,‘ studied lead alloying onto germanium. 
Indium alloying onto germanium surfaces was inves- 
tigated by Thomas and Dacey,® Goldstein,® Mueller,’ 
Pankove,'! and Rose.!” Lead-tin and aluminum-indium 
alloying for “thyristor” fabrication was discussed by 
Mueller and Hilibrand.*® Gudmundsen! and co- 
workers studied tin-alloying to silicon using a flux. 
In addition, they discussed the problems associated 
with gold alloyed to silicon surfaces. Aluminum con- 
tacts to silicon were investigated by Prince,'’ Gud- 
mundsen and Maserjian,!® and Wannlund and 
Waters.!* 

Electrode attachments were divided into two groups 
—those in which contacts were relatively small in 
area compared to the Si or Ge surface, and those in 
which the semiconductor was fused to a clad substrate 
larger in area than its surface. The former are re- 
ferred to as small area contacts, the latter as large 
area contacts. The silicon or germanium dice used in 
this study were .100 x .100 x .020 before etching or 
cleaning. 
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<—Ge 


<—Au bond 


- €—Ni substrate 


Fig. 1—Ge on Au clad Ni. (From a 250X photomicrograph) 


Large area contacts were studied using nickel, 
nickel-iron and molybdenum backing materials which 
were either gold or gold-alloy clad or plated. In some 
cases there was an additional tin or antimony plate 
before alloying. Fabrication temperatures ranged 
from 300-500°C. All fusions were made under dry 
hydrogen atmospheres. Vacuum bonding produced 
similar results, but the technique was not generally 
used in this study because of the greater ease of 
alloying under protective gas ambient. In all experi- 
mental runs the size of the fusion alloy and geometry 
of contact were kept constant. The cooling rate was 
controlled according to the technique described by 
Peterson and co-workers’. 

Large area electrode attachments where dice were 
attached to tabs of gold or gold-alloy clad nickel re- 
sulted in cracked silicon or germanium unless high 
ratios of gold to nickel were employed. Results are 
shown in Fig. 1 (Ge on Au clad Ni). This is typical 
of silicon as well. Note the horizontal cracking which 
is typical of thermal expansion mismatch between 
die and tab. 

The iron-nickel alloys are better thermal expansion 
matches for silicon and germanium, but their thermal 
and electrical conductivities are poorer. Generally 
speaking, no cracking problem was observed in 
making bonds to this type of clad substrate. 

Where “scrubbing” action to break through oxide 
films cannot be employed, and the furnace atmos- 
phere is relatively wet, some other systems must be 


Si—> 
<€<—Au-Sn 


alloy 
bond 


<— Excess 
Au 


<—Ni 
substrate 


Fig. 3—Si on Sn plated Au clad Ni, excess Au. (Frem a 
250X photomicrograph) 
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Ge—> 


Au alloy bond—> 


Ni substrate—> 


Fig. 2—Ge on Sn plated Au clad Ni, No excess Au. 
(From a 250X photomicrograph) 


resorted to. One such example is to plate tin on gold 
to the proper thickness ratios so that after the tin 
melts the stoichiometric 80 Au/20 Sn wt % composi- 
tion is formed. This produces a surface to which Ge 
and Si can be readily bonded with atmospheric con- 
ditions being relatively non-critical. However, if no 
excess gold remains, the die will crack. Fig. 2 shows 
this type of attachment to germanium although typi- 
cal of silicon as well. Note the cracks emanating from 
the corners as compared with the horizontal cracks 
described earlier. This type of crack seems more 
likely to be due to a thermal expansion mismatch 
between die and solder than between die and sub- 
strate. With excess gold on the same backing mate- 
rial, no cracking is observed. 

Figure 3 shows a typical attachment using this ap- 
proach when alloying to silicon (germanium attach- 
ment is similar). 

This suggests the possible solution to be simply 
“flashing” the tin on the gold layer before alloy at- 
tachment is made. 

Gold-boron and gold-arsenic have been success- 
fully used to make p or n-type attachments, respec- 
tively, to most resistivity ranges of material. In some 
cases, primarily those where low resistivity Ge or Si 
were used or where the total gold and tin thicknesses 
were greater than .001”, it was found necessary to 
introduce the doping impurity in the Sn layer. 

A second method developed for bonding under a 
non-critical atmosphere for making n+ attachments 


Ssi—> 


<< Au-Sb 
alloy 
bond 


<—Ni 
substrate 


Fig. 4—Si on Sb plate Au clad Ni. (From a 250X photo- 
micrograph) 
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<—Ge 


<—Au bond 


< Mo substrate 


Fig. 5—Ge on Au clad Mo. (From a 250X photomicro- 
graph) 

is to antimony flash the gold clad material. The Sb 
seems to “flux” the reaction. Fig. 4 demonstrates this 
efiect in the case of Si on Sb plated Au clad Ni, where 
the ratio of gold to nickel thicknesses (one to ten) is 
high enough to overcome cracking. The mechanism is 
probably due to the fact that this is a reaction which 
results in a ductile layer of excess Au remaining and 
negates the effect of high Ni expansion. 

Where one wishes to achieve a good expansion 

match with high thermal and electrical conductivity, 
and magnetic properties are unimportant, molyb- 
denum is the obvious choice for the tab material. 
Fig. 5 shows an attachment of Ge on gold clad molyb- 
denum. A similar condition exists for silicon and/or 
gold plated Mo instead of cladding. 
_ It will be shown that indium additions to gold 
alloys improved wetting properties in making small 
area con‘acts, therefore a similar approach was at- 
tempted in large area contacts. A 95 Au-5 In alloy 
was clad on Fe-Ni and used to make attachments to 
germanium and silicon dice. General working experi- 
ence with these materials indicated improved wetting 
properties. 

Small area contacts were studied using eight dif- 
ferent gold bearing binary alloys containing Pb, Bi, 
In, Ga, Ge, Sn, Sb, and Si as the other element. 

Generally speaking atmosphere and mechanical 
forces appear to be the primary factors in deter- 
mining the kind of bond achieved. With a “poor” 
atmosphere agitation is required to rupture surface 
films and permit contact. However, only surface wet- 
ting with little or no penetration, without subsequent 
cracking, occurs. On the other hand, in bonding with 
an “excellent” atmosphere, only pressure sufficient to 
hold the parts in good contact is required to initiate 
wetting which is followed by penetration which some- 
times is sufficient to produce cracking upon cooling. 
In the case where the bond is a thin film either be- 
tween two large pieces or on top of one of its sur- 
faces, penetration is too shallow to play a role. 

Of all the binary alloys studied, Au-Sn was most 
consistent in its behavior in direct alloying to silicon 
and germanium under a multitude of conditions. A 
major limitation of its use is the cracking between 
the alloy and base semiconductor upon cooling, shown 
in Fig. 6, after alloying to silicon. 
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Fig. 6—Au-Sn on Si. (From a 250X photomicrograph) 


Taylor! discusses some remedial measures for 
making crack-free alloyed junctions. While stress re- 
lieving heat treatments were generally used in this 
study where applicable, the major effort was directed 
towards alloy modification. Taylor points out six re- 
sults of alloy modifications which may account for 
elimination of cracking. A goal of this investigation 
was to produce an alloy which changed less on freez- 
ing or one which was a better thermal expansion 
match with the semiconductor material. Hence, an 
evaluation on the basis of thermal expansion data 
was collected. 

Thermal expansion curves of the gold-tin and sili- 
con and germanium are shown in Fig. 7, measured 
through interferometric techniques on specimens sub- 
mitted to R. J. Beals, Ceramic Staff, University of 
Illinois. The curve for gold-tin indicates poor com- 
patibility with germanium and silicon and the non- 
linearity suggests a possible phase transformation or 
lattice rearrangement. If this non-linear effect is the 
cause of the cracking, then it was hypothesized that 
some means of “flattening out” the expansion curve 
could overcome this problem. In addition, if the solu- 
bility of the Au-Sn phase for silicon and germanium 
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Fig. 7—Thermal expansion curves for Au-Sn, Si and Ge. 
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were reduced, alloy penetration would be diminished 
and cracking reduced. Since it is known that small 
additions to a liquid metal may be considered as im- 
purities, thereby aiding wetting, it was considered 
that ternary alloys might have the multiple effect 
noted before. Of course an assumption is made here 
that if the binary alloy’s thermal expansion were 
more compatible or linear with respect to the semi- 
conductor material, we could extrapolate the data to 
the ternary system and say that this would prob- 
ably provide a better thermal match. 

Two groups of three ternary alloys were fabricated 
by adding 2, 3, and 6% silicon and 2, 10, and 15% 
indium respectively to the Au-Sn eutectic and samples 
of each were alloyed onto silicon. The addition of 
silicon diminished but did not entirely eliminate 
cracking. In all three alloys, penetration was quite 
limited and no apparent wettability change was noted. 
Addition of two percent indium appears to improve 
wetting of the silicon, but the higher indium concen- 
trations impair it. This may be a phenomenon similar 
to that noted by Bailey,!® in which successive addi- 
tions to a liquid metal cause the spreading ability of 
the solder to go through a maximum. Although none 
of the additions to the Au-Sn eutectic eliminated the 
cracking of the silicon surface subsequent to fusion 
with it, the effect was definitely reduced. 

To study the effect of indium additions to the Au-Sn 
eutectic, thermal expansion curves were run on sam- 
ples containing 2, 5, and 10% indium (Fig. 8). In- 
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Fig. 8—Linear expansion for Au-Sn alloys. 


creasing the indium content reduced the initial soften- 
ing temperature in addition to narrowing its range. 


It is believed that by proper selection of additions, » 


the Au-Sn eutectic alloy can be modified to produce 
alloy junction and/or small ohmic contacts on silicon 
and germanium without cracking the surface. Of 
course whether this doping can be done depends on 
the segregation of impurities in such a system. 


(To be continued) 
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PATENT REVIEW* 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
May 5, 1959 to June 2, 1959. In subsequent issues, patents issued from June 2, 1959 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


May 5, 1959 

2,885,483 Telephone Instrument Utilizing 
Transistor Amplifier—A. H. Faulkner. 
Assignee: General Telephone Laborato- 
ries Inc. A voice current amplifier built 
within a telephone subset. 


2,885,484 Telephone Apparatus Employing 


Transistor Amplifiers—A. H. Faulkner. 


Assignee: General Telephone Laborato- 
ries Inc. A subscriber controlled tele- 
phone subset amplifier and means for 
mounting it within the set. 


2,885,494 Temperature Compensated Tran- 
sistor Amplifier—S. Darlington, J. H. 
Felker. Assignee: BTL. A multistage neg- 
ative feedback amplifier the transmission 
characteristics of which are controlled by 
those of the feedback circuit. 


~ 2,885,495 Emitter Coupled Transistor Am- 


plifier—G. C. Sziklai, R. D. Lohman. As- 
signee: RCA. A _ direct-coupled, broad 
band, high-input-impedance semiconduc- 
tor amplifier circuit. 


2,885,498 Direct-Coupled Complementary 
Transistor Amplifier—W. G. Zinn Jr., G. 
Bruck. Assignee: Avco Mfg. Corp, In an 
amplifier system an emitter follower 
transistor circuit is used to control the 
operating point of a collector load tran- 
sistor of opposite type. 


2,885,544 Automatic Gain Control Using 
Voltage Drop In Biasing Circuit Common 
to Plural Transistor Stages—F. E. Rad- 
cliffe. Assignee: BTL. Automatic gain 
control for multistage transistor amplifi- 
ers. 


2,885,562 Photoelectric Device—J. C. Mar- 
inace, U. Cocca. Assignee: General Elec- 
tric Co. A high energy radiation detect- 
ing device. 


2,885,568 Generator Control and Protective 
System—J. R. Reeder, N. F. Schuh, L. R. 
Lowry. Assignee: Westinghouse Electric 
Corp. A transistorized a-c generator con- 
trol and protective system. 


2,885,569 Generator Control and Protective 
System—W. F. Schuh, J. R. Reeder, L. R. 
Lowry, R. F. Hulsey. Assignee: Westing- 
house Electric Co. A control system for 
use with a multiplicity of parallel con- 
nected generators. 


2,855,570 Transistor Power Control Cir- 
cuits—R. L. Bright, G. A. Royer. As- 
Westinghouse Electric Corp. A 


~ *Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 


Patents Issued by the U. S. Patent Office. 
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control circuit for a transistor used in 
power control systems in which the min- 
imum load current is a small fraction of 
the full load current. 


2,855,571 Semiconductor Device—R. A. 
Williams, J. W. Tiley. Assignee: Philco 
Corp. A device which provides area con- 
tact minority carrier injection and which 
uses area contacts for both emitter and 
collector. 


2,855,572 Transistor Pulse Transmission 
Circuits—J. H. Felker. Assignee: BTL. A 
system for transmitting short d-c pulses 
through a chain of transistor gate cir- 
cuits with very little time delay. 


2,885,573 Transistor Delay Circuit—G. L. 
Clapper. Assignee: IBM. Signal delay cir- 
cuit for digital computers provides an 
output delay by about one bit-time from 
the input signal. 


2,855,574 High Speed Complementing Flip- 
Flop—A. Roesch Jr. Assignee: Burroughs 
Corp. A flip-flop circuit operable at speeds 
up to 10 me. 


2,855,608 Semiconductive Device and 
Method of Manufacture—W. E. Bradley. 
Assignee: Philco Corp. Method of manu- 
facture of area contacts to a semiconduc- 
tive device, said contacts providing effi- 
cient minority carrier injection. 


2,885,609 Semiconductive Device and 
Method For The Fabrication Thereof— 
R. A. Williams, J. W. Tiley. Assignee: 
Philco Corp. Method of producing an ana- 
logue type transistor. 


2,885,619 Transistor Driven Magnetic Am- 
plifier—N. Wengryn. Assignee: Kollsman 
Instrument Corp. A temperature com- 
pensating device in which the collector 
circuit is directly connected to the mag- 
netic amplifier cores. 


May 12, 1959 

2,885,849 Semiconductor Laping Appara- 
tus—F. Wohlman. Assignee: Hughes Air- 
craft Co. Packaging apparatus for semi- 
conductor devices whereby said devices 
are laterally disposed along a length of 
pressure sensitive tape. 


2,886,026 Method and Apparatus For Cut- 
ting a Semiconductor Crystal—R. F. 
Stewart. Assignee: Texas Instruments 
Inc. In the operation of cutting a grown 
junction semiconductor crystal, the ap- 
paratus and method for maintaining the 
cutting tool at a fixed distance from the 
junction of the semiconductor crystal. 


2,886,639 Code Converter—R. J. Reek. 
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Assignee: Teletype Corp. A device for 
adding start and stop impulses to coded 
signals. 


2,886,653 Amplitude Modulated Oscillator 
Systems—H. C. Lin. Assignee: RCA. An 
oscillator circuit which can be modulated 
directly from a high impedance source 
such as a crystal phonograph pick up. 


2,886,706 Blocking Oscillator Pulse Width 
Control—S. C. Rogers. Assignee: BTL. 
Means for rendering a blocking oscillator 
output pulse duration independent of 
ambient temperature or transistor char- 
acteristics. 


2,886,739 Electronic Distributor Services— 
K. A. Matthews. Assignee: International 
Standard Electric Corp., R. A. Hyman. 
In an electronic distributor system, pulse 
counter or trigger, a single or multiple 
number of semiconductor target elec- 
trodes are placed in an electron beam 
tube to act as detecting elements for im- 
pinging electrons. 


2,886,740 Deflection Systems—M. B. Fink- 
elstein. Assignee: RCA. A transistor elec- 
tromagnetic deflection circuit for cathode 
ray tubes. 


2,886,748 Semiconductor Devices—L. E. 
Barton. Assignee: RCA. A high frequency 
transistor having low base resistance and 
closely spaced emitter and collector elec- 
trodes. 


2,886,754 Push-Pull Motor Drive Circuit 
—R. J. Ehret. Assignee: Minneapolis- 
Honeywell Regulator Co. A push-pull 
transistorized output circuit having tran- 
sistors connected in a common emitter 
arrangement and energized from a single 
power supply. 


2,886,755 Servo Motor System Control Ap- 
paratus—R. J. Ehret, T. A. Patchell. As- 
signee: Minneapolis-Honeywell Regulator 
Co. Control system with means for in- 
ducing anti-hunting action in an electric 
rebalancing motor. 


2,886,764 Unidirectional Voltage Multi- 
plier and Divider—-W. B. Zelina. As- 
signee: General Electric Co. A horsepower 
limit regulator for a d-c generator or 
motor. 


May 19, 1959 

2,887,411 Method of Producing Selenium 
Rectifiers—G. Hoppe, E. Nitsche. As- 
signee: Siemens Scherckertwerke A. G. 
In a process involving coating a base 
plate with multiple impurity containing 
selenium layers the step of crystallizing 
said layers by heat treatment prior to 
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application of the final layer and counter 
electrode. 


2,887,415 Method of Making Alloyed Junc- 
tion in a Silicon Wafer—A. Stevenson. 
Assignee: Minneapolis-Honeywell Regu- 
lator Co. A method which includes bring- 
ing a molten impurity-containing sub- 
stance into contact with a silicon wafer 
until alloying of the two takes place. 


2,887,416—Method of Alloying an Elec- 
trode to a Germanium Semiconductive 
Body—J. J. van Amstel. Assignee: North 
American Philips Co. Inc. A fusion tech- 
nique includes the use of halogen con- 
taining fusion agents. 


2,887,417 Process for the Manufacture of 
Alloy-Type Semiconductor Rectifiers and 
Transistors—H. S. Blanks. Assignee: Mar- 
coni Wireless Telegraph Co. Ltd. A sheet 
of support metal of the desired size and 
shape is wetted with injector metal and 
the structure then has a semiconductor 
wafer fused to the shaped injector metal. 


2,887,423 Semiconductor Device—J. R. 
Beale. Assignee: None. A method of man- 
ufacture which results in a device having 
opposed recrystallized emitter and collec- 
tor regions of equal size. 


2,887,453 Semiconductor Activated with 
Dissociated Ammonia—E. Billig, D. Brom- 
ley. Assignee: Siemens Edison Swan Ltd. 
A method for introducing nitrogen as an 
impurity in group IV semiconductors. 


2,887,540 Temperature-Compensated Tran- 
sistor Biasing Circuits—A. I. Aronson. 
Assignee: RCA. A push-pull amplifier 
having distortion-free operation over a 
wide temperature range. 


2,887,542 Non-Saturating Junction Tran- 
sistor Circuits. R. R. Blair, J. R. Harriss. 
Assignee: BTL. Circuit means for pre- 
venting collector current saturation in a 
common-emitter junction transistor pulse 
amplifier without reducing gain or caus- 
ing high current flow therethrough. 


2,887,573 Converter with High Frequency 
Crystal Transistor Oscillator—L. J. Hrus- 
ka. Assignee: None. A circuit in which 
signal oscillations occur at a harmonic 
of the fundamental crystal frequency. 


2,887,574 Transistor Oscillator—J.  L. 
Sciurba. Assignee: Motorola Inc. A con- 
verter circuit in which transistors of vary- 
ing gain may be substituted for one an- 
other. 


2,887,591 Integral Transducer Amplifier 
System—G. V. Young. Assignee: Video 
Instruments Co. Inc. An electrical-chop- 


per signal-take off system for a bridge 
transducer. 


2,887,992 Control Circuits for Flasher 
Lights and the Like—G. M. Stout, E. J. 
Peterson. Assignee: American Electronics 
Co. A circuit which provides adjustable 
timing. 


2,887,619 Current Limiting Gating Circuit 
—L. W. Hussey, W. Peil. Assignee: BTL. 
A transistorized flip-flop circuit used to 
control gas tube switching. 


2,887,627 Rectifier and Method of Making 
the Same—J. W. Haas, W. B. England. 
Assignee: USA (Dept. of the Navy). A 
hermetically sealed rectifier housing for 
a selenium device. 
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2,887,628 Semiconductor Device Construc- 
tion—C. H. Zierdt. Assignee: General 
Electric Co. A heat dissipating configura- 
tion for a semiconductor device which 
uses a layer of beryllium oxide to con- 
duct self-generated heat from the device 
to a metal radiator. 


2,887,629 Transistor—L. M. Nijland, J. A. 
Manintveld. Assignee: North American 
Philips Co. Inc. A semiconductor body is 
encapsulated in a sealed envelope con- 
taining a halogen or halogen hydrate va- 
por in order to achieve improved electri- 
cal characteristics. 


2,887,630 Transistor—L. M. Nijland, J. A. 
Manintveld. Assignee: North American 
Philips Co. Inc. A semiconductor body 
is sealed in a glass envelope containing a 
nitrogen-oxygen compound vapor. 


2,887,631 Electrode System—P. J. Jochems, 
L. J. Tummers. Assignee: North Ameri- 
can Philips Co. Inc. An insulating bridge 
of material fixes exactly the spacing be- 
tween free ends of two filamentary elec- 
trodes in contact with a semiconductor 
body. 


2,887,632 Zinc Oxide Semiconductors and 
Methods of Manufacture—H. R. Dalton. 
Assignee: Timefax Corp. A zine oxide 
aluminum semiconductor material is pro- 
duced by treating zinc oxide with alumi- 
num formate and heating the substance 
in the presence of hydrogen at a tem- 
perature of 800° C. 


2,887,633 Titanium Dioxide Rectifier— 
T. S. Shilliday, A. E. Middleton, C. S. 
Peet. Assignee: USA (Dept. of Air Force). 
A device comprising a layer of titanium 
dioxide semiconductor, a silicon monoxide 
artificial barrier layer having a thickness 
of from 1000 to 5000 A and a counter 
electrode. 


2,887,642 Damped Servomotor System— 
R. J. Ehret, F. Cilyo. Assignee: Minne- 
apolis Honeywell Regulator Co. In a servo 
motor control system a transistor is em- 
ployed as a motor driving element and a 
bridge circuit provides a damping signal. 


2,887,658 Frequency Response Determin- 
ing Apparatus—D. V. Jones. Assignee: 
General Electric Co. Electrical apparatus 
for determining the alpha and beta cut- 
off frequencies for semiconductor devices. 


May 26, 1959 

2,888,328 Methods of Producing Silicon of 
High Purity—J. McCreath. Assignee: In- 
ternational Standard Electric Corp. The 
elimination of boron impurity from sili- 
con by removing all traces of diborane 
from silane (SiH,) and then causing ther- 
mal decomposition of the silane. 


2,888,525 Telescopic Voltage Amplifier— 
W.S. Eckess, K. I. Sherman, J. E. Daven- 
port. Assignee: Emerson Electric Mfg. Co. 
An a-c/d-c telescopic voltage amplifier 
produces an output which exceeds the 
limitations of the individual transistors. 


2,888,578 Transistor Emitter—Follower Cir- 
cuits—G. D. Bruce, R. A. Henle, J. L. 
Walsh. Assignee: IBM. The Emitter-fol- 
lower configurations are employed in 
logic circuits. 


2,888,579 Transistor Multivibrator—C. L. 
Wanlass. Assignee: North American Avia- 
tion Inc. A rapid-response, large current 
output transistor multivibrator. 


2,888,580 Transistor Multivibrator—C. L. 
Wanlass. Assignee: North American Avi- 
ation Inc. A low a-c output impedance 
device. 


2,888,611 Light Controlled Headlight On- 
Off Switch—E. G. Matkins. Assignee: 
General Motors Corp. Transistorized sys- 
tem for turning auto headlights “on” or 
“off”? automatically when the ambient 
light intensity falls below a predeter- 
mined level. 


2,888,618 Dry Plate Rectifier Assemblies— 
L. J. Lockett. Assignee: Westinghouse 
Brake and Signal Co. Ltd. A tubular dry 
plate rectifier assembly which can be 
soldered into a circuit without risk of 
damage to the rectifying element from 
the heat generated in the process. 


2,888,619 Semiconductor Devices—J. P. 
Hammes. Assignee: USA (Dept of the 
Army). Methods of potting and mounting 
point contact transistors. 


2,888,620 High Resistance Semiconductor 
Cells—A. C. Belletdeaux. Assignee: West- 
inghouse Air Brake Co. In the manufac- 
ture of selenium cells, inert granules in- 
cluded in the selenium layer result in 
cells with high reverse resistance. 


2,888,622 Transistor Motor Control—H. T. 
Mooers. Assignee: Minneapolis-Honeywell 
Regulator Co. An a-c signal applied to 
grounded emitter or grounded base cir- 
cuits described effects control of a d-c 
device. 


2,888,627 Semiconductor Apparatus—A. D. 
Kompelien, B. H. Pinckaers. Assignee: 
Minneapolis-Honeywell Regulator Co. A 
transistor modulator bridge circuit for 
converting minute d-c signals to a-c sig- 
nals. 


2,888,632 Transistor Current Regulating 
Circuits—F. M. Livezey. Assignee: The 
Baldwin Piano Co. A system for supply- 
ing a fixed a-c current superposed on a 
fixed d-c current while the load resist- 
ance and d-c source voltage are varying. 


2,888,633 Voltage Regulator With Limited 
Current Drain—R. C. Carter. Assignee: 
Collins Radio Co. A regulated power sup- 
ply having an adjustable output voltage, 
and which permits the determination of 
a maximum current output limit which 
cannot be exceeded regardless of over- 
load conditions. 


2,888,648 Transistor Reactance Device— 
F. G. Herring. Assignee: Hazeltine Re- 
search, Inc. A low power-consumer re- 
actance device for modulating a mega- 
cycle range oscillator. 


June 2, 1959 

2,888,735 Article Assembling Apparatus— 
E. D. Hanson. Assignee: Western Electric 
Co. Apparatus for assembling cartridge 
type point contact transistors and for ob- 
taining a predetermined contact pressure 
between the electrode and the semicon- 
ductor wafer. 


ADDITION 


January 13, 1959 

2,868,988 Method of Reducing Transient 
Reference Current—Assignee: Secretary 
of the Navy. Method of reducing the 
switching time of semiconductor diodes 
by irradiating them with high voltage 
electrons. 
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high fidelity power, logic, measurement of light inten- 
sity, conversion of light to electricity, tuning other net- 
works, triggering, and protection (voltage limiters) . 


An Esaki diode-resistor logic, powered from a_ three- 
phase supply and involving OR gates is analyzed. Prac- 
tical switching times are of the order of 10/R-|C. 


The collection efficiency in solar cells is treated by a new 
method in which all the effects of the solar spectrum and 
the absorption curve are contained in a single function 
readily available by numerical integration. 


Formulation of the general realization procedures appli- 
adie Le the synthesis of current-operated diode logic 
networks. 


Thermal impedance calculations of cylindrical and svheri- 
cal sectors are given numerically. The analysis is ex- 
panded for long heating cycles by a simple lumped- 
component approach with limits of validity. 


Methods of handling intermittent duty types of applica- 
tions. Suggested techniques for determining the peak 
junction temperature under these conditions. 


Description of a repeater designed for a medium-haul 
cable-carrier system. Emphasis is directed at applications 
of the repeater as related to the basic problem, and 
design features and performance of circuitry. 


System operates in the audio frequency range from 300 
to 3,500 cps, which is the pass band for audio frequencies 
in telephone systems. 


A simplified procedure and chart to select the most 
appropriate solid state voltage regulator to fit the regu- 
lated circuit. 


Discussed are problems where the average collector dis- 
sipation rating and where the specified peak collector 
current rating are given. 


Theory, generalized device considerations, areas of pos- 
sible application, component coolers, thermoelectric 
chamber for frequency reference crystals, power supplies 
and contro] are discussed. 


Parameters for tunnel diodes can be calculated and meas- 
ony by using the device tuned for free sine-wave oscil- 
ation. 


A rapid technique using nomograms, for optimizing 
switching speed with respect to performance and cost. 


The various factors affecting oscillator tna and sta- 
bility are discussed, and the circuit diagram of an oscil- 
lator covering the range 1.5 Mc/s to 3.0 Mc/s is given. 


Four basic circuits of this type are analyzed in terms of 
their modes of operation and their assembly into logic 
networks. 


Analysis includes statistical forecast, technical and eco- 
nomic factors. 


The basic method of testing is to apply biases to the test 
transistor such that power is drawn in pulses of high 
peak value. The resulting heating is small. 


Lists data on characteristics and performance of equip- 
ment used in high-power and low-power applications of 
ultrasonics. 


Current response curves of the bistable circuit resembles 
the current response of a thyratron. Each stage of the 
counter uses three transistors, four resistors, two diodes, 
and contains no capacitors. 


This article deals with the application of the Hall effect 
to the measurement of non-electrical quantities. 


SEMICONDUCTOR PRODUCTS e JULY 1961 


TITLE CONDENSED SUMMARY AUTHORS 
A Note on Transistorized Ripple AWA Tech Rev (Aus) Some basic problems in the design of transistor smooth- B. W. Moore 
Filters Vol 11 Nov 3 1960 ing circuits for d-c power supplies are discussed and a_ J. P. O’Neil 
circuit is described which provides for optimum efficiency 
over a wide range of load currents without the necessity 
for critical adjustment. 
New Methods for Measuring High Amperex Tech News This article describes a method of measuring the admit- K. Redmond 
Frequency Transistor Admittance Jan-Feb 1961 tance parameters which overcomes the difficulties of 
eters using Boonton RX faulty internal oscillator or detector operation. 
The Quantitative Determination of | Appd_ Spectroscopy A solution procedure is employed with spark excitation E. M. Murt 
Gallium in Micro Samples by the Vol 15 Nov 1 1961 and moylbdenum as the internal standard. Accuracy of J. C. Beady 
Graphite Spark method ranges from 11 to 22%. 
Diodes Can Do Almost Anything Bell Labs Record Diodes can perform such important electronic functions J. H. Forster 
Jan 1961 as: amplification, switching, rectification, generation of R. M. Ryder 
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A Technique for Measuring High- 
Frequency Transistor Character- 
istics 


Semiconductor Electronics: 4- 
Transistor Network Analysis 


Thermoelectric Refrigeration and 
its Application 


The Powerbeam Lamv-A New 
Fluorescent Light Source 


Reflection and Emission of Polar- 
ized Light in ZnS and CdS 


Theoretical Current Multivlication 
of a Cylindrical Hook Collector 


Methods of Analysis of Circuit 
Transient Performance 


A Stereophonic Transistor Pream- 
plifier 


Hall Effect Wattmeters 


A Ravidly Resnonding Narrow- 
Band Infrared Gaseous COz Ana- 
lyzer for Physiological Studies 


Design Criteria: Transmitter High 
Voltage Solid State Rectifiers 


An Analysis and Representation of 
Junction Transistors in the Satu- 
ration State 


Determination of Physical Param- 
eters of Diffusion and Drift Tran- 
sistors 


Theoretical Curves of Drift Tran- 
sistor Current Drain 


A Coaxially Packaged MADT for 
Microwave Applications 


Solubility of Oxygen in Ger- 


manium 


Germanium Saturated With Gal- 
lium Antimonide 


Uniformity of Electrical Current 
Flow In Cylindrical Semiconduc- 
tor Specimens with Cylindrical 
Metal End Caps 


Catalytic Activity of p- and n- 
Type Germanium 


Electron Mobilities and Tunneling 
Currents in Silicon 


Thermal Expansion and Related 
Bonding Problems of Some III- 
V Compound Semiconductors 


Variation of LF Noise Figure of a 
Junction Transistor 


Symmetrical Transistors 


Growth From the Vapor of Large 
Single Crystals of Lead Selenide 
of Controlled Composition 
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mplex voltage-ratio meter that measures the abso- 
Tate wales of two voltages or their ratio and the phase 
angle between them, is described. 


General 4-terminal networks are analyzed in terms of 
the various possible parameters. The same techniques 
are then applied to transistor circuits. 


Material properties, heat-pumping capacity of a thermo- 
electric couple, thermoelectric properties of semiconduc- 
tor materials, and simple system design are discussed. 


A new type of fluorescent lamp is described for applica- 
tions Le ee precise control of light distribution. The 
lamp has a reflective coating between the phosphor and 
glass, but is left clear along a long thin aperture. 


Results are presented on the reflection of polarized light 
by single crystals of structurally pure cubic and hexa- 
gonal ZnS in the region of the absorption edge. 


An analysis is given of the mechanisms of. operation for 
a current multiplying hook collector of cylindrical geom- 
etry. Mathematical equations are presented which estab- 
lish the minority carrier transport efficiency within a hook 
collector region. 


Survey of some numerical methods avplicable in obtain- 
ing the distribution of performance narameters associated 
with the transient behavior of switching circuits. 


This preamplifier contains all the controls necessarv for 
stereophonic and monophonic programs, and is designed 
to drive two transistor power amplifiers. 


Analysis of a low frequency structure consisting of a 
thin wafer of indium antimonide mounted in series with 
the center leg of a cup core magnetic circuit. and a high 
frequency structure in which the wafer is placed in the 
center of a cavity at a position having a maximum in 
magnetic field and a minimum in electric field for a given 
cavity excitation value. 


The COz transducer developed employs a Fabry-Perot type 
interference filter and a lead selenide photoconductive 
infrared detector. 


Problems encountered and possible solutions in the design 
of ea high voltage power supply using semiconductor 
rectifiers. 


Three diffusion processes are used to analyze the tran- 
sistor behavior in Region III. This leads to a new equiva- 
lent circuit representation which is a superposition of the 
active-state and saturation-state models. 


The dynamic properties of drift and diffusion transistors 
are studied under both low- and high-level injection con- 
ditions in terms of the excess carrier charge in the base 
region. 


Intrinsic common-base, short-circuit current-gain analysis 
of drift transistors may be aided by a simplified approxi- 
mate eauation. The accuracy of the equation may be con- 
trolled by the investigator. 


A coaxially packaged transistor capable of delivering 
greater than:11 db of power gain at 1900 Mc, with a re- 
sultant maximum frequency of oscillation at 3500 Mc 
is described. 


The infrared absorbtion band which corresponds to the 
Ge-O molecular vibration (11.7 «~) is quantitatively cor- 
related to the oxygen content of germanium crystals. 


The solubility of antimony is increased in the presence of 
gallium but the converse is not true. 


If snecimen resistivities are greater than 200 times that 
of the end caps and if specimen diameters are greater 
than their lengths, less than 1% nonuniformity of longi- 
tudinal current density can be obtained. 


Experiments are performed which use In and Sb doped 
germanium as catalysts for reactions generally catalyzed 
by electron acceptors. (Letter to the Editor) 


The dependence of diode current upon carrier density is 
examined. (Brief Note) re Zz 


Experiments indicate that expansion departs from a linear 
function between 300° and 400°C. (Letter to the Editor) 


The flicker noise components is of great interest in the 
operation of transistors. Theory and methods of measure- 
ments for determining how it varies with input current 
and temperature. 


The differences in performance between a symmetrical and 
an unsymmetrical alloy junction transistor are analyzed: 
telecommunication circuits are given in which the use of 
symmetrical transistors offer significant improvements. 


Lead selenide crystals have been grown by sublimati 

. . . . on 
using a technique in which almost the Whole charge of 
a few grams is frequently converted into only one single 
crystal. Carrier concentrations more than an order lower 


than has been achieved i 
have bee oe ed in crystals grown from the melt 
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Electrolytic Polish for Lead Tel- 
-luride 


Resistivity Striations in Germa- 


nium Single Crystals 


Thermoelectrically Cooled Probe 
for the Determination of Semicon- 
ductor Type 


Circuit Parameter Calculations for 
a ered Voltage Reference Gen- 
erator 


‘Compensation for Diode Non- 


linearity 


Survey of Electronically Scanned 
Antennas 


Fundamental Consideration of 
Microwave Video Diodes 


A Companion of the Reliability 
of Relay and Transistorized Logic 
Circuits 


Ancient Relays to Modern Logic 


Recombination Radiation From 
Silicon Under Strong Field Con- 

_ ditions 

Effect of Photoexcitation on the 

ety in Photoconducting Insu- 
ors 


Computer Memories: A Survey of 
the State of the Art 


A Computer Subsystem Using 
- Kilomegacycle Subharmonic Os- 
cillators 


A Survey of Tunnel-Diode Digital 
Techniques 


Calculated Waveforms for Tunnel 
Diode Locked Pair 


Magnetic Film Memory Design 
Computer Generated Displays 


Statistical Analysis of Logic Cir- 
om Performance in Digital Sys- 
ems 


Tests and Comparison of Carbon 
and Germanium Thermometers 


A 100-db Microwave Semiconduc- 
tor Switch 


Sensitive Output Indicator for 
Differential Transformer Displace- 
ment Determinations 


Low-Level Linear Microsecond 


Gate 


_ Diode Parametric Amplifiers Prin- 
- ciples and Experiments, Part I 


A Survey of Semiconductor De- 
vices and Circuits in Computers. 
mePart III 


Microphotographs For Electronics 
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The purpose of this note is to describe a modification 
of a chromic-phosphoric electropolish which produces an 
excellent polish-etch on all crystallographic planes in 
lead telluride. 


Resistivity striations resulting from periodic distribution 
of impurities have been observed in single crystals of 
germanium grown horizontally. 


A convenient method for determination of semiconductor 
type is to determine the sign of the thermally generated 
e.m.f. arising when a probe of different temperature is 
placed in contact with the sample. 


The aim of this article is to analyze the operation of a 
reference stepped voltage generator operating in a 
“diode pump” circuit, and to establish a criterion for 
selecting parameters of its basic elements. 


The compensation method suggested in this article con- 
sists of using a potential divider which is made up of 
nonlinear resistances, and which provides a linear rela- 
tion of the rectified voltage (current) to the a-c voltage. 


Includes semiconductor phase shifter. 


Survey article on the crystal-video diode which is now 
used quite extensively as a low level detector in the 
microwave frequency range. 


One area where transistors have found wide applications 
and in many instances have displaced relays is in the 
logic functions of computers and similar equipments. 


Relay manufacturers and relay users are told how they 
can better make use of each other by considering the 
“switching problem” rather than a specific relay design. 
A number of attempts are made to combine relays with 
solid state sensing devices. 


Measurements have been made of the spectral distribu- 
tion of recombination radiation at 77°K (field strengths 
up to 3700 cm) and at 20°K. 


The Hall mobility of carriers in photoconducting insula- 
tors can be varied over an appreciable range by the effects 
of photo-excitation. 


Computor memory developments in the last decade, the 
present state, and efforts for improvements are surveyed. 


An investigation was made of the problems associated 
with a high speed carrier computer, and a computer sub- 
system was constructed employing subharmonic oscillators 
driven with a 3.7 Mc sine wave source. 


Efforts have been devoted to its application in both mem- 
ory and logic circuits. Results have been most promising 
in high speed random access memories and in dynamic 
logic systems utilizing multiphase clock sources. 


An introductory analysis of the tunnel diode locked-pair 
circuit is presented. The characteristics of the tunnel 
diode together with the simplicity of the locked-pair make 
4 a se contender for use as a high speed computer 
element. 


A simple rotational model modified to include the effects 
of wall switching and dispersion of the preferred direction 
of magnetization provides a basis for describing prop- 
erties of engineering interest. 


This paper explains techniques for performing key dis- 
play functions; in particular, 1) digital-to-image con- 
version with symbol generation, and 2) generation of 
large, bright displays. 


Both algebraic and numerical (Monte Carlo) methods are 
considered. Transistor resistor logic circuits are then 
analyzed in more detail. 


Two encapsulated germanium thermometers have been 
calibrated and tested between 1.4° and 4.2°. In some re- 
spects germanium thermometers were found to be con- 
siderably better than carbon thermometers. 


A dual-diode microwave switch providing in excess of 
100-db switched attenuation with low insertion loss is 
described. Switching time is 3x10-7 sec. 


A. transistorized circuit is used. The advantages of a 
phase-sensitive detector for the measurements of small 
displacements is discussed. Resolution is about 0.5 wu; 
linearity about 14%. 


A linear transmission gate for use with scintillation 
counter coincidence experiments is described. The gate 
is suitable for negative pulses of microsecond duration 
and is linear over a range of 0.01 to 5 volts. 


The physical principles involved in the operation of the 
major types of diode parametric amplifiers are reviewed 
and a qualitative explanation given of the variable ca- 
pacitance effect in semiconductor diodes. 


The following topics are discussed: basic logic circuitry, 
direct-coupled transistor logic circuitry, regenerative 
switches, and current switching. 


Description and application of two cameras designed to 
prepare microphotographs for the fabrication of semicon- 
ductor devices, and micro-electronic solid circuits, by 
photoengraving and photomechanical techniques. 
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Spectral Response of Solar Cell 
Structures 


Impurity Concentrations in the 
Regrown Region of In-Ge Alloyed 
Junctions 


A Rapid and Accurate Method for 
Measuring the Thickness of Dif- 
fused Layers in Silicon and Ger- 
manium 


Recent Advances in Micro-Minia- 
turization, Reliable Components 
and Cooling Techniques 


Problems Related to p-n Junctions 
In Silicon 


Study of the Oriented Growth of 
Germanium on a Single Crystal of 
Fluorite 


Influence of an Electric Field on 
Current Carrier Mobility in Semi- 
conductors 


Adsorption of Molecules and Photo- 
conduction of Cuprous Oxide 


Double Diffused Germanium NPN 
Transistors 


The Preparation of Polymeric Ma- 
pias with Semiconductor Prop- 
erties 


Semiconducting Materials 


Phosphorus Diffusion Into Silicon 
Through an Oxide Layer 


Study of Surfaces in Semiconduc- 
tor Devices 


Study of Surfaces In Semiconduc- 
tor Devices 


Study of Semiconductor Devices 
By Analogue Techniques 


On the Kinetics and Mechanism of 
Precipitation of Lithium from 
Germanium 


Some Semiconducting Properties 
of Bismuth Trisulphide and Bis- 
muth Trioxide 


Solid State Research 


Short Carrier Lifetimes and the 
Photo-magnetoelectric Effect 


Semiconductor Delay Lines 


Packaging and_ Integration of 
Transistor Assemblies 


Packaging and 
Transistor 
Guide 
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Assemblies. Design 


Crystal Rectifiers 


High Temperature Semiconductor 
Research 


Research in Electron Emission 
From Semiconductors 


Logic Symbols for Data Process- 
ing Equipment 
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urements were made of the spectral response of sili- 
Meier cel structures, and observations were made on 
how the response varied with the depth of the p-n junc- 


tion. 


study is made of regions of a size normally used in 
Hae with an infrared microscope; the development 
of the latter being described. 


-layer thicknessses can be measured very prac- 
SHUee fe ernie use of the brittleness of silicon and 


germanium. 


A summary of the recent work done in these fields at 
Royal Radar Establishment. 


The phenomena of secondary ionization, avalanche break- 
down, and microplasma phenomena in p-n junctions are 
analyzed vsing a simplified model in which holes and 
electrons have identical properties described by four 
constants. 


Order from SLA. $1.80. No. 60-14489. SLA Translation 
Center. The John Crevar Lib., 86 E. Randolph St., Chicago, 
Il. 


Order from MDF. Morris D. Friedman Inc., P.O. Box 35, 
West Newton 65, Mass. $3.00. No. MDF 1-125. 


Order from SLA, $1.80. No. 61-10130. The change of 
photoconductivity with vapor pressures of the adsorbed 
substances indicates that the phenomenon is due to the 
surface of the semiconductor. 


Order from SLA. $6.30. No. 60-18901. An original method 
of producing germanium transistors by two successive 
diffusions. 


Order from SLA. $1.80. No. 61-10018. Thermal treatment 
of polymeric materials yielded substances giving signals 
in the ER spectrum and possessing semiconductor proper- 
ties. 


The mechanism of recombination is studied. 


A discussion of empirical results and of theoretical con- 
siderations is given on the oxidation of silicon and the 
solid state diffusion of phosphorus into silicon under 
oxidizing conditions. 


The results of a 1000 hour continuing reliability study of 
diffused junction diodes protected by a thick bonded 
polysiloxane layer. 


A study of the effects of thickened oxide films on the 
properties of silicon p-n bar diodes. 


Physical phenomena in semiconductor devices are de- 
scribed in terms of lumped models and an analogue com- 
puter is set up to simulate the equations derived from 
these models. 


Precipitation rates, thermal history, and the influence of 
impurity additions on the kinetics of lithium precipitation 
are discussed. 


Technical note on electrical, optical and thermal prop- 
erties of the semiconductors. 


A progress report containing information on semiconduc- 
tor device design, chemistry, materials research, compo- 
nents, etc. 


The photo-magnetoelectric effect is employed to study 
carrier lifetime in germanium. Both theory and empirical 
results are presented. 


Equations are developed for the delay and rise times 
which are associated with the drift of minority carriers 
in an electric field in semiconductors. 


A report on packaging of transistor printed circuit as- 
semblies. 


A guide for the design engineer which provides informa- 
tion for packaging printed circuit subassemblies. 


A discussion of the applications and fabrication of gold 
bonded diodes suitable for use in microwave systems. 


A compilation of discourses on material preparation, im- 
purity behavior, material properties, and device studies. 


The voltage dependence of hot electron emission is com- 
pared to that of field induced photoemission to determine 
avalanche breakdown voltages in Si and Ge. 


Newly developed logic symbols are being used to explain 
the functioning of data processing equipment in much the 
same way that electrical schematics have been used to ex- 
plain the operation of electrical circuits. 
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Western Electric Co. has established a sales office in Los An- 
geles and in Chicago to handle their semiconductor line as part 
of a program to broaden their position in the military equip- 
ment market. 


Dixon Electronics Corp., Scottsdale, Ariz., has named Micro- 
wave International Corp., New York as their export representa- 
tive for their lines of Zener diodes, reference diodes and high 
voltage rectifiers. 


The Japanese semiconductor industry expects to gradually 
increase their production of silicon transistors during the next 
few years. Last year, Japanese production of these units was 
estimated at one-tenth of 1% of all transistor output. This low 
percentage was mostly caused by the average price of silicon 
erystals of 55¢ per gram against the 15¢ per gram for germa- 
nium. As improvements in the output characteristics of silicon 
transistors are obtained and Japanese production of silicon crys- 
tals is increased, more silicon transistors will be produced. It is 
- expected to be some time before these units will be exported 
in quantity. 


According to a United States trade commission touring West 
Germany for the Department for International Affairs, Depart- 
ment of Commerce, Berlin could be a major market for such 
- components as tunnel diodes, transistors and materials associ- 
ated with electronics. 


The Lansdale Division of Phileco Corp., Semiconductor Opera- 
tions, plans to market epitaxial transistors this summer. 

The Division has also established a nationwide organization of 
franchised manufacturers’ agents to represent its Equipment 
Manufacturing Operations. This division is devoted solely to the 
design and fabrication of such equipment as crystal growing fur- 
maces, zone refiners, wafer etchers, scribers, and encapsulation 
mechanisms. 


According to the Marketing Data Department of the Electronic 
Industries Associations factory sales of transistors showed a 
healthy gain in March of 1,858,845 units worth $4,115,666 over 
February totals. 


Factory Sales(Units) Factory Sales (Dollars) 


March 15,129,273 $29,815,291 
February 13,270,428 25,699,625 
January 12,183,931 22,955,167 
Jan.-Mar. 61 40,583,632 78,470,083 
Jan.-Mar. ’60 31,155,798 78,246,279 


Prices 


Increased demand for 99.7% pure commercial grade tellurium 
has resulted in an increase of $1.25 a pound. The metal is now 
$5.25 a pound. Prices of high-grade quality have remained un- 
changed at $12-15 per pound for the 99.99% purity and at $22.50- 
30 for the 99.999% grade. 


Sylvania has announced that its 2N705 epitaxial germanium 
mesa transistor has been granted military approval by the U. S. 
Navy. MIL-S-19500/86 units are available from stock and from 
franchised distributors at the following prices: 1-99: $16.50, 100- 
999: $11.00, 1000 and up: $9.90. They have a total rise and fall 
time of less than 175 nanoseconds and absolute maximum volt- 
age ratings of 15 volts, according to the company. 


Raytheon’s Semiconductor Division has reduced prices on 18 
silicon subminiature transistors. In quantities of 100 to 999, new 
prices range from 6 to 41% below former prices. Included are 
seven double-ended types 2N902 to 908 now are $9.55 to $15 each. 
_ The single-ended units 2N745, 746 and 789 through 793 are be- 
_ tween $8.70 and $13.65. The 2N747 to 751 are now offered from 
$7.50 to $27 each. 
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Market News... 


Suppliers 


Semi-Elements, Inc., Saxonburg, Pa., is now in pilot produc- 
tion on lead telluride. It is available both as a single crystal and 
in polycrystalline form, in both n and p type materials. Price is 
50¢ per gram in kilogram lots or less. 


The Lansdale Division of the Phileco Corporation will further 
expand the Division’s Transistor operations and gradually dis- 
continue the manufacture of receiving tubes throughout the re- 
mainder of 1961. This action has been forced by economic factors 
arising out of the increased use of transistors in electronic equip- 
ment, and the shrinking tube market. 


Allegheny Electronic Chemicals Co., Bradford, Pa., has begun 
quantity production of highly polished single crystal silicon 
wafers. Representative prices for a low resistivity n-type slice 
is approximately $2.49 each. 


Solitron Devices, Inc., Norwood, N.J., has announced prices 
on their double diffused, axial type silicon rectifier with a 
hermetically sealed insulated body. Depending upon the voltage, 
current and quantity these are priced from 40¢ to $8 each. 


Hoffman Electronics Corp., Semiconductor division has made 
commercially available a negative-positive silicon solar cell. 
These n-p units have an electrical conversion efficiency of 10% 
or greater. Type N120CG-10 is priced at $15 each. 


Texas Instruments has introduced two medium power silicon 
mesa p-n-p transistors to operate in linear and non-linear cir- 
cuits. Available in a TP-5 package they are priced: 2N1131 at 
$19.25 each in lots up to 99 units, and $14.40 each in lots of 100- 
999; 2N1132 at $20.90 and $15.65 in the same lots respectively. 


Distributors 


Sun Radio and Electronics Co., New York has been named a 
distributor for Silicon Transistor Corp., Carle Place, L.I., N.Y. 


North American Electronics, Inc. has announced the establish- 
ment of an Authorized Industrial Distributor program for their 
three product lines, Silicon Rectifiers, Controlled Rectifiers, and 
Voltage Regulators. The major areas served are: New England— 
North East Electronic Distributors; Buffalo, New York—Summit 
Distributors; New York City—Electronic Center; Long Island— 
Hempstead Electronics; New Jersey—Atlas Electronics; Philadel- 
phia—Almo Radio; Ohio—Akron Electronics; Los Angeles—Gray- 
bar Electric Company. 


The Birtcher Corporation’s Industrial Division has announced 
the appointment of the Busacker Electronic Equipment Co., Inc. 
of Houston, Texas as distributor for its line of tube, transistor 
and component retention and cooling devices for the state of 
Texas. 


Financial 


General Instrument Corp., has earned a net profit of $3,424,891 
for the fiscal year ending Feb. 28, 1961 which is 29% above the 
$2,655,652 in the year-ago period. Earnings were equal to $1.41 
per share against $1.23 a share the year prior. Sales rose 6% to 
$70,644,123 for $66,895,542. The company claims its semiconductor 
sales gains outpaced the increases of the semiconductor industry 
as a whole. 


Sprague Electric Company, North Adams, Massachusetts, has 
declared a quarterly dividend of 30 cents per share on the Com- 
pany’s common stock, payable on June 14 to the stockholders of 
record at the close of business on May 29, 1961. 


Cetron Electronic Corporation in its first annual report to 
shareholders has reported registered sales of $791,083 and net 
income of $55,553, equal to 7% cents per share on the 734,245 
shares outstanding, for the fiscal year ended November 30, 1960. 

(Continued on page 43) 
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UCTOR 


ALLOY 
KIT 
NO. Z-100 


In order to satisfy the needs 

of semiconductor research and 

development engineers for development quantities 
of high purity alloy preforms, Accurate Specialties 
Co., Inc. has now made available this unique semi- 
conductor alloy kit. Using this kit, research engineers 
can now speed the development of new devices 
and processes, without the delays and setup costs 
previously encountered in procuring small develop- 
ment lots. 


Nore... 


Kit Z-100 consists of 24 different semiconductor alloys price 
in various useable forms such as discs, washers, and 


spheres. In excess of 25,000 preforms, in alloys with $ 00 
melting points from 325 to 1100 deg. F., are contained 


in this kit. 
Accurate Specialties Co., Inc., metallurgical staff wel- 
comes your inquiry regarding this kit, or your special 
semiconductor materials requirements. 

Ask for Bulletin Z-100 


>)» ACCURATE Dept. SP-7 


Specialties Co., Inc. 
345 LODI STREET—HACKENSACK, NEW JERSEY—HUBBARD 9-4650 


F.O.B. plant 
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DESPATCH ube FURNACE 


WITH NEW 
THERMIONIK 
POWER 
SYSTEM 


This versatile new tube furnace 
offers two outstanding advan- 
tages—the Thermionik power 
system, and a greatly reduced 
heat dissipation. 

The Thermionik power sys- 
tem is the first and only to use 
thyratrons to pulse power to 
heaters. It allows great savings 
In cost, space and weight, and 
temperature control accuracy 
is limited only by the accuracy 
of the sensing control system 
selected. 

Heat dissipation is kept to 
a minimum because body is 
made of castable refractory 
with highest insulating qualities. 

Automatic or manual con- 
trol. Muffle type and special 
models available. 


Model SC-32 

Temperatures to 2600° F, 

7 KW,120/1/60 VAC 
Ceramic Tube 2/2” O.D.x36” 


Sterilizers 


Laboratory ovens Burn-off . 


ovens 
Pot-type 
furnaces RY 


DESPATCH OVEN CO. 619 S.E. 8th St., Minneapolis 14, Minn, 
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® ‘ 
KANTHAL ceramic tube elements 
World renowned Kanthal A-1 alloy (Fe, Cr, Co, Al) 
ceramic embedded in six, standard, ready-to-mount 
sizes for intermittent temperatures to 2460°F: 


Type Rating Volts Resist- Inside *Heating List 
No. Max. Max. ance Dia. Length Price 


REH-4-30 800W. 15 0. 1-9/16" 7-7/8" $32.94 
REH-4-60 1200W. 29 1-9/16" 19-3/4” $54.32 
REH-7-30 1200W. 24 0.44 2-3/4" 7-7/8" $38.21 
REH-7-60 1800 W. 46 2-3/4" 19-3/4" $73.47 
REH-10-30 1800 W. 34 4” 7-7/8" $39.61 
REH-10-60 2500 W. 63 1.44 4” 19-3/4” $76.48 


* Std. units can be arranged in series to provide a variety 
of heating lengths. 

Ceramic mounting parts for above elements as well 

as complete laboratory furnaces also available. 


THE KA fe T H A L CORPORATION 


19 Amelia Pl., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 
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Inserts 
> 


with 
DURAMIC 
tooling 


Duramic tooling offers semiconductor manufac- 
turers a proven non-wetting alloying and solder- 
ing boat material, with greater wear resistance, 
exceptional dimensional stability, and cleanliness. 


Ask for Bulletin 117...Send prints for quotation. 


URAMIC 
PRODUCTS, INC. 


426 Commercial Avenue, Palisades Park, N. J. 


Dept. SP-7 


Windsor 7-0310 
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arket News (from page 39) 


=xpansion 


# A new plant for the production of welded components for the 
plectrical-electronics industry was formally opened in Warren, 
a., by the Parts Division of Sylvania Electric Products Inc. The 
folant produces automatic leads and custom welded assemblies 
or such electrical-electronic product lines as receiving tubes, 
uncandescent and other types of lamps, semiconductors, and re- 
sistors. The great demand for transistors and other semiconductor 
Hevices, particularly, has been responsible for the growth of 
Sylvania’s weld operation over the past several years. Some of 
e new machines, designed and built in the division’s own 
equipment development plant, are capable of producing more 
a ae million of a certain type of welded assemblies each 
week. 


The General Electric Co., Rectifier Components Department, 
Auburn, N.Y., manufacturer of semiconductor rectifiers is plan- 
ing to construct an addition to their local plant, which will 
enclose over 70,000 square feet, costing an estimated $1,700,000. 
round will be broken in late summer. 


A new laboratory for testing semiconductor devices, for both 
manufacturers and large volume users, has been established by 
§Wallson Associates, Inc., Elizabeth, New Jersey. Initially, the 
firm will devote about 4,800 square feet to the testing of 
‘transistors, diodes, and power rectifiers. Provisions have been 
4made for further expansion if required and plans are being 
4made for the eventual establishment of a West Coast manufac- 
turing and testing facility. The laboratory will be run by the 
company’s engineering staff. 


New Firms 


} Automation Alloys, Inc., a subsidiary of Permonite Manufac- 
}turing Company of Chicago, Illinois was formed a few months 
ago with Arun K. Dube and Herbert Fass as principals. The 
‘firm has created sealed floor to ceiling chambers for each major 
alloy group. Cross contamination of elements is minimized. Water 
i flow has been converted to non-metallic piping, and water of one 
i million ohms to two million ohms resistivity is used in produc- 
) tion. For laboratory purposes, the water used approaches 16 to 
}18 million Ohms. Air pumped into production chambers, is filtered 
| through semi-micro fiberglass filters. They are utilizing vibration 
) chill casting technique for greater uniformity and homogeneity 
} of cast alloys, and are using separate rolling mills and punch 
presses in each chamber. The dies and the rolls are never used 
| for more than one metal, according to the company. The firm is 
setting up cladding facilities and expects to be supplying ac- 
' curate inlays, overlays, single clad and sandwich clad base tabs 
and preforms at an early date. They already are in full scale pro- 
duction of preforms. 


The Vacuum Tweezer Company has been formed to do re- 
search, development and manufacture of Parts Handling Equip- 
ment for the Semiconductor and Miniaturization Industries. The 
Company is already in operation at 1780 St. Georges Avenue, 
Rahway, New Jersey. The company will center its activity in 
the area of vacuum pickup instruments. 


NS ee ee 


ERRATA 


In the industry report appearing in the June 1961 is- 
sue on page 45, two major suppliers were omitted from 
the silicon category by typographical error. Both Dow- 
Corning and Monsanto Chemical should have appeared 
therein. 
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REDUCE COSTLY 
KERF LOSSES 


in slicing 
semiconductor material... 


Now... switch to 3 2 ‘* diameter diamond 
wheels to slice 1‘‘ diameter crystals on 


(Ylivrometh WAFERING 
MACHINES £. 
featuring the NEW wee 2 : 


CARTRIDGE SPINDLE 


This specially-engineered spindle 
mounts a 314‘’ diamond wheel in 
place of the usual 5‘‘ wheel to 
give from 40% to 100% more 
slices per 1‘ diam. crystal... re- 
duce kerf loss by 28% to 47%! 


Micromech‘’s thinner blades in 
31,‘‘ diameter size can save from 
.004" to .009"' per slice... add 
up to savings of $200.00 a day! 


Moreover, the 3 ‘' wheel allows 

cutting speeds up to 3”’ per minute 
. increasing production while 

decreasing loss of material. 


Type 2 Cartridge Spindle is now 
standard on Micromech hydraulic 
automatic wafering machines. 
Write today for detailed infor- 
mation. 


FOR QUALITY CONTROL — 
Micromech Optical 
Orientation System 


This easy-to-operate system produces accurate 
visual patterns for identification of principal 
planes of any single crystal material. No inter- 
pretation or correlation data needed, Operator 
need not be technically trained, Transference 
of aligned crystal from orientation base to 
wafering machine table allows accurate cut- 
ting of crystal on plane to which it was 
aligned. Self-contained low-cost unit requires 
only 2 sq, ft. of table space. 


Micromech Diamond Wheels 


Micromech stocks 32‘. diamond wheels for the 
economical and fast slicing of all semiconductor 
materials. 

Wheels also available in other popular and odd 
sizes, DIT and DITRS types, Precision manufacture 
to close tolerances assures accuracy of cut and 
long life. 

Send for free technical data 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


695 Rahway Avenue 


Union, New Jersey MUrdock 7-3200 
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Problem: 


“On spec” yield of semi-conductor compo- 


nents drop as much as 40°/o within 50 cycles 
when using graphite jigs 


Solution: 


Boron nitride machines easily to 
close tolerances, resists chipping 
and retains internal jig details. 
It holds dimensions, has excel- 
lent release characteristics and 
is non-toxic. 

Contact with silicon, germa- 
nium, indium, antimony, lead 
and other metals has little effect 
up to 1800 F in oxidizing or 
reducing atmospheres. For more 


BORON NITRIDE 


for semi-conductor jigs 


information on greater yields with boron nitride, write Latrobe Plant, 
Refractories Div., Carborundum Co., Latrobe, Pa. 


CARBORUNDUM 
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TRANSISTOR-DIODE 


ESTERS 


’ Laboratory Accuracy 


e Production Versatility 


Accurate for use in precision laboratory analysis 
of semiconductor devices, Trans Electronics 
Transistor and Diode Testers have the versatility 
and ruggedness for use by unskilled operators 
in quantity testing. Types available: Voltage- 
regulated, with 6 current ranges between 10 
and 3000 milliamps; 2 voltage ranges: 0-1000 
and 0-3000 millivolts; remote load sensing. 
Forward-Current and Reverse-Current, Saturation- 
Voltage (Es-lb) types available. Two classes 
of Forward Testers provide ranges of 0-3 amps, 
and 0-3 volts; Back Testers, 0-1000 and 0-3000 
volts, each with 1 milliamp current capability. 
Meter ranges: 3 milli-microamps to 1 milliamp, 


Keyboard Metering 
¢ Mirrorback (1%) Meter 
¢ Meter in Electronic 


Metering Circuit 


INQUIRE ABOUT OTHER TRANSISTOR 
AND DIODE EQUIPMENT OFFERED By: 


TRANS ELECTRONICS, tnc. 


Northridge, California 
Dlamond 1-4400 
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New 
Products 


High Temperature Furnace 


A new high temperature _ vertic 
graphite element furnace, Type TRV25-' 
518, for operation to 5000°F (2750°C) hasi 
been added to its line of equipment for 
production of semiconductors, solid state: 
and other electronic devices according to, 
an announcement by Lindberg Engi- 
neering Company. The graphite element: 
is 5” I.D. by 18” high with a 6” effective) 
work height at plus or minus 25°F. The 
bottom loading graphite work hearth * 
4%” O.D. and is raised and lowered by: 
means of a hand wheel. 
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Scopemobile Cart 


Tektronix Type 200-Series Scope-Mo-- 
bile Carts provide a convenient mobile: 
support for oscilloscopes or auxiliary ‘ 
equipment. They feature an easily-ad-- 
justable tray which can be tilt-locked in| 
any one of nine positions. They also fea- - 
ture an optional plug-in carrier which: 
can hold additional plug-ins. Dimensions : 
for Types 201 and 202 are approximately | 
35” high by 17144” wide by 27” deep.. 
Weight is 35 pounds. 
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Precision Deburring Set 


Hunter Tools is offering a precision 
Deburring Set that meets the exacting 
requirements of the miniature clectrommel 
market. The set, which comes in a small 
plastic kit, consists of six 314” tools of- 
fering a different size deburring tool at. 
each end. The smallest size in the set is 
020 and the largest is .225. It is extremely 
useful around electronic work where 
burred surfaces can scratch delicate 
wires. 
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Deep drawn parts up to eight” in 
iameter, stampings up to 12” in width, 
nd wire and strip parts made on multi- 
lide machines are now manufactured by 
hnson & Hoffman Manufacturing Corp. 
e maximum depth of the company’s 
eep drawn materials has been increased 
b 4” (from approximately 2”) and the 
aximum diameter to 8” (from approxi- 
qately 2”). Maximum thickness remains 
16”. On metal stampings, maximum 
ickness has been increased to .250” 
from .045”) and maximum width to 12” 
from 4”). Multi-slide wire parts are sup- 
‘lied in diameters from .005 to .188” and 
trip parts from .005” to .031” thick in 
idths up to 2”. 
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Sonveyorized Controlled Atmosphere 
‘urnace 


BTU Engineering Corporation has de- 
veloped a standard, controlled atmos- 
here furnace Transheat Model TS-1X18, 
which permits continuous Flux-Free 
oldering or brazing, yielding uniform 
high quality, and high volume at greatly 
educed cost. The gas control system of 
the furnace offers complete safety and 
ail safe provisions for the handling of 
ydrogen. Purity of the atmosphere with- 
n the furnace can be maintained to less 
shan 1 part per 1 million. 
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Calorimeter 


A new Calorimeter which is capable of 
measuring any power that can be trans- 
ferred to a circulating fluid is announced 
by Electro Impulse Laboratory, Inc. It 
is direct reading and can be calibrated 
lin watts, BTU’s per minute, horse power 
or foot-pounds per minute. Models are 
available for measuring ranges from .1 
BTU to 3000 BTU’s per minute. 
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Solar Cell 


- A new commercially available type of 
silicon solar cell which is electrically op- 
posite from the company’s regular line 
of “P-N” cells was announced by the 
Semiconductor Division of Hoffman Elec- 
‘tronics Corporation. In the new N-P cells 
‘the N type “skin” is formed by diffusing 
‘phosphorous onto P type silicon. Type 
#N120CG-10 is now available in sample 
‘quantities at an electrical conversion effi- 
ciency of 10% or greater. 
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SEMICONDUCTOR PRODUCTS 


high speed automatic dice gaging and 
sorting for the semi-conductor industry 


OO SAVINGS 
IN LABOR = ge 
COSTS! 


AUTO-SORTER 


Let a Techni-Rite sales engineer 
show you how to reduce your 
dice/wafer sorting costs by elim- 
inating completely up to 4 out 
of 5 inspection and sorting 
personnel. 


The new TSK Auto-Sorter is a 
dependable, high-speed produc- 
tion unit which automatically 
gages and sorts germanium or 
silicon dice into various cate- 
gories . . . faster, and with far 
greater accuracy, than human 
hands. One transistor manufac- 
turer reduced his work force 
from 30 to 6 virtually overnight! 


Nearly 200 TSK Auto-Sorters are 
now in constant service. Factory- 
trained installation and service 
experts . . . and a complete 
inventory of replacement parts 

. are on hand at all times. 


@ Phone, Wire or Write 
for Illustrated Folder 


l@Charrt hid PE -LecTrRONIcS 


INCORPORATED 
67 Centerville Road + Warwick, Rhode Island «+ REgent 7-2000 
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THER-MONIC 


Floating 
Zone 
Scanner 


for refining 
and 

crystal 
growing! 


Ther-Monic offers you precision equip- 
ment possessing an outstanding degree 
of flexibility of control in refining high- 
est purity semi-conductors and various 
other metals. 


Ther-Monic. also manufactures pro- 
duction machinery for many other oper- 
ations in the semi-conductor industry. 

Ther-Monic R.F. generators — single 
and dual frequency—are available from 
1 KW to 125 KW output. 


Several thousand induction heating 
installations in numerous industries at- 
test to the efficiency and economy of 
Ther-Monic equipment. 

Write for New 56-page Catalog FZ 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE, BROOKLYN 11, N.Y. 


Largest Producers of Electronic Heat Treating Equipment 


Subsidiary of Hathaway Instruments, Inc. 
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Photovoltaic Detector 


The Lansdale Division of Philco Cor 
poration has announced a gallium arse; 
nide photovoltaic detector specifically del 
signed for small signal use. A TO-18 case 
used commonly as a transistor packag 
provides size reduction and ruggednes: 
The single crystal device, GAU-401, pro: 
vides high sensitivity for both visible an: 
near-infrared radiation detection. Th 
detector is designed for the 0.4 to 0 
micron region, having a peak sensitiviri 
at 0.85 microns. Operation up to 120°@ 
shows no loss in sensitivity, according 
the company. H 

Circle 102 on Reader Service Card 


Pigtail Grabber 
A semi-automatic fixture, that simul 


transistors, capacitors, and _ resistors 
makes secure low-resistance electric-tes 
connections with no danger of bendin: 
the leads or breaking them off is an 
nounced by Precision Metal Products Cc 
The gripping jaws work separately t 
compensate automatically for difference 
in wire size or position, and the spring 
tension on the jaws can be individuall: 
adjusted. The fixture requires benc 
space only 3% x 344”. 
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High Temperature Miniature 
Transistor Test Socket 


Major advantages of Atlantis Electron: 
ics Corp., “Test Socket” are: reversibld 
contacts, quickly changed to compen« 
sate for wear; elimination of point con+ 
tact to transistor leads; used in conjunc~ 
tion with AMP parallel connectox 
terminal #34130, which eliminates solder- 
ing; and a channel for foreign materia: 
to pass through. Leakage, at 500 volts: 
room temperature, is less than 1 millimi- 
croamp; elimination of porosity. Temper-~ 
ature Ratings: Socket TS-187-300°C: 
Socket TS-187-A-1500°C. 
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Measuring Microscope 


Opto-Metric Tools Multi-Purpose Mi- 


| croscope, the Optotron, combines a co- 


ordinate Measuring, a Toolmaker and 4 
Metallurgical Microscope in one compact 
instrument. It is equipped with inter- 
changeable Leitz Optics throughout, in- 
cluding a triple nosepiece for 30x, 100x 
and 400x magnification, but these may 
be varied to suit individual requirements 
The measuring stage has a range of 
1” x 1” by direct reading micrometers in 
0001”. Coarse and fine focusing is avail- 
able; also a dial gage for depth meas- 
urements in .0001”. 
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EE eS 


Sub-Assembled Semiconductor Bases 


Ready-to-weld copper semiconductor 


{ bases, with integral steel rings already 


brazed in place, are being supplied in the 
full-hard condition by Standard Pressed 
Steel Co. The new base material is a 
hardenable copper alloy which possesses 
electrical and thermal conductivity prop- 
erties comparable to those of oxygen- 
free copper. The big obstacle the SPS 
base overcomes is the high temperature 
of brazing operations. They are finished 
in various heat-resistant platings, silver, 
dull nickel or bright nickel. In addition 
to new standard 7/16, 9/16 and 11/16 
across-flats hexagon sizes, bases will also 
be made to customer specifications. 
Circle 127 on Reader Service Card 


Vacuum Tweezer System 


The Vacuum Tweezer Company System 
V-100 is a precision miniature parts han- 
dling system, utilizing vacuum energy, 
specifically designed for use in the han- 
dling of tiny, delicate components. It is a 
complete self-contained and portable sys- 
tem. The basic assembly consists of a 
small, adjustable and patented electro- 
magnetic vacuum generator approved by 
U.L., a vacuum pencil and several vacu- 
um pickup tips. Fingertip control of 
vacuum permits operator to quickly pick- 
up, hold, sort, carry or deposit miniature 
parts without causing damage or defects. 
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Block Valves for Vacuum Systems 


A series of block valves for mounting 
in various types of industrial high vac- 
uum systems, having a common bellows 
seal assembly for sizes less than 1”, fac- 
tory leak-tested and providing for maxi- 
mum gas flow within compact design, are 
announced by NRC Equipment Corpora- 
tion. Machined from solid brass square 
stock, the porosity-free valves are avail- 
able with in-line or angle configurations 
for soldered or screwed connections in 
sizes from %” to 11%”. 
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Clad Metal Combination 


A Tin Clad Nickel ribbon created for 
use as a substitute for Platinum Whisker 
wire in the manufacture of diodes, has 
recently been developed and introduced 
by Composite Industrial Metals. CIM’s 
new Cladding Process enables wrought 
metals to be bonded together in the solid 
state without the use of bonding agents 
at the inter-faces. The result is an ultra 
pure Clad Metal combination that in- 
creases production yields for semicon- 
ductor devices. 
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APPARATUS DIVISION 
PLANTS IN HOUSTON 


AND DALLAS, TEXAS 


NEW from TI 


CRYSTAL 
RESISTIVITY 


Measures bulk or slice material 


Compact and portable 


Texas Instruments new, fully-transistorized 
Model 635 Crystal p Meter is the first portable, a-c 
instrument designed to measure both bulk and slice 
resistivity of semiconductor crystals. More accurate 
and stable readings are achieved by reducing the effect 
of noise and stray pick-up. 


The TI Crystal Resistivity Meter uses a 
1000-cycle, square-wave, constant-current source with 
superimposed d-c bias on probe points to reduce point 
contact resistance. Ten ranges, selectable .by front 
panel range switch, measure resistivities from .01 to 
300 ohm-centimeters, full-scale. 


A slice adapter measures resistivity of slices 
from .007 to .037 inch in thickness. Precision jeweled 
TI probes are available for measurements of ger- 
manium or silicon. The meter can be calibrated for use 
with other probes having contact spacings from .030 
to .080 inch. 


Write for complete information. 


INCORPORATED 
3609 BUFFALO SPEEDWAY 
P. O. BOX 6027 HOUSTON 6, TEXAS 
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Adaptable for use with other probes 


TEXAS INSTRUMENTS 


47 


SPECIALTIES CORP. 


48 


HTCHING 
Don Juan never had it so 
good . . . semiconductor 
manufacturers actually 


ask us if they can come 
see our etchings! 


Our etching of Ge and Si 
Slices and dice removes 
Surface damage, reduces 
to accurate size, and pro- 
vides the finish you want. 


While our etchings won’t 
help you lure the blushing 
maiden to your den, our 
happy clients tell us the 
quality of ourwork attracts 
the attention of many non- 
blushing purchasing 
agents. 


Next time you're in the 
area, come on over and 
we'll show you what our 
etchings look like! 


slicing, 

lapping, 
etching, 

dicing, 


sizing, 
special 
shapes. 


SEMICONDUCTOR 


252 Garibaldi Ave., Lodi, N. J. 
PRescott 3-6933 
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Welding Head 


Rapid, precise welding of subminiature 
electrical and mechanical parts is accom- 
plished by an improved compact welding 
head developed by Raytheon Company’s 
Commercial Apparatus & Systems Divi- 
sion. Designed principally for manufac- 
turers of semiconductors, electronic 
equipment end modules, the Weldpower 
Model JA Head features an extremely 
fast forging force and adjustable steel 
ball bushings. Weighing only 
pounds, the unit’s forging force range 
is 1 to 10 pounds. Electrode diameter is 
4” and the maximum stroke is 34”. 
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Dust-Free Cabinet 


A. dust-free cabinet moulded from dis- 
tortion-free plexiglass of optical clarity 
is announced by Gerwen Electronics. 
The filter system removes 99.97% of all 
particles of 0.3 micron size, is absolute 
for particles over 0.3 microns. The blower 
is capable of sustaining air flow of 50 
cfm to create pressure differential of 
VW lb. per sq. ft. between cabinet interior 
and exterior air. An under-the-hood ter- 
minal board is provided for test volt- 
ages. 
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Silicon Controlled Rectifiers 


A new line of studless, low current 
Silicon Controlled Rectifiers in double- 
ended housing has been introduced by 
the General Electric Company. The new 
devices in which the stud is replaced by 
a single lead will accommodate high cur- 
rent loads without heat sinks. The dou- 
ble-ended mechanical design permits 
point to point wiring in a wide variety 
of circuits. D-C load current rating is 
1.1 Amps. The seven models have been 
assigned JEDEC designations of 2N1929 
through 2N1935. They differ by revetitive 
peak reverse voltage ratings which range 
from 25 volts for the 2N1929 to 300 volts 
for the 2N1935. 
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High Purity Gold Electroplate 


; An extra high purity gold electroplat- 
ing process, Temperex HD, is said to 
meet or surpass the most exacting finish- 
ing specifications required by manufac- 
turers of transistors and other electronic 
components. Developed by Sel-Rex Cor- 
poration, the new process reportedly pro- 
duces deposits of 99.99% purity. Accord- 
ing to the company, electroforms to 
30-thousandths of an inch are easily pro- 
duced under commercial operating con- 
ditions. The electroplate is also reported 
to exceed the requirements of such 
standard electronic product-acceptance 
tests as exposure to 550°C/10 minutes: 
300°C/96 hours in oir. , 
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NEW 
SERVICE NOW 
AVAILABLE 


SEMICONDUCTOR PRODUCTS is making 
a new source of information available to 
all firms interested in being kept up to 
date on materials or equipment for pro- 
ducing semiconductor devices. If you wish 
to receive all new literature on silicon, 
germanium, chemicals, machinery, or 
other such materials, circle #99 on the 
reader-service card. Your name will be 
placed on a special list which will be for- 
warded to all such suppliers. As these 
suppliers have news ayailable in their 
field, you'll be notified by them immedi- 
ately. This service is restricted to firms 
manufacturing semiconductor devices or 
firms contemplating. entering into produc- 
tion within 120 days. 


BACK ISSUES 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—Dec. 


1960—March, May, June, July, 
Aug., Sept., Nov. 


1961—Feb., Mar., May 


SEMICONDUCTOR PRODUCTS 


Back issue Dept. 
300 W. 43 St. New York, N. Y. 


+} 


— | 


2 
™ 
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REVOLUTIONARY 
EDUCTOR-TUBE DEVICE 

SIMPLIFIES 
es SMALL PART HANDLING 


Unique Penfield Pickup uses 1-2 psi of air or inert 
nitrogen to pick up and release minute particles. 
Negative pressure created at hypodermic needle point 
is sufficient to hold germanium, silicon, other minus- 
cule parts. To release the held particle, operator 
merely finger-stops an orifice in the eductor-tube. Use 
of Penfield Pickups eliminates all foot switches, sole- 
noids, costly vacuum equipment, troublesome plugging 
problems. Send for trial sample ($10.75 each, Postage 
Paid) and see for yourself. 


Penfield Manufacturing Co., Inc. 
Telephone: BEverly 5-1694 

19Y High School Ave., Meriden, Conn. 

Serving the Electronics Industry with lon Exchange 


Systems « Filters * Weir Washers « Parts Baskets 
Fett} tt ee 
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Epoxy Products, Inc., has prepared 
epoxy bonding material in easy-to-handle 
pellets which eliminate difficulty in mix- 
jing and metering, and skin irritation. 
| Epoxy pellets will bond practically any 
‘kind of material to any other kind. Shear 
istrength of a steel to steel bond is 4700 
)psi. Pellet size is tailored to each bonding 
japplication so that when the pellet melts 
/it provides exactly the right amount of 
jadhesive for the job. Curing temperature 
}can be varied from 85°C for bonding 
+ heat-sensitive components to 250°C for a 
fast cure bond. 
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Thermoelectric Generator 


The commercial availability of an 
eight-watt thermoelectric power genera- 
tor for industrial field applications has 
¥ been announced by Texas Instruments 
Incorporated. The units contain no mov- 


} ing parts. They will operate from natu- 


h ral gas, propane or butane and are pri- 
marily designed for remote unattended 
* field instrumentation No housing or spe- 


* cial enclosure is required as the genera- 


tor’s burner is completely free from wind 
} blowout. The generators weigh 65 


» pounds and are 12” wide by 17” high. 
| They can also be adapted to use any 
>» combustible fuel, waste heat and steam 
» or solar heat. 
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Silicon Rectifiers 


Slater Electric Inc., announces a line 
of miniature hermetically sealed silicon 


> rectifiers. The internal “junction connec- 


tor lead,” has been eliminated. The “Trim- 
Line” series presently covers current 
ranges up to 1.5 amperes at PIV Ratings 
up to 1000 volts. The body length of the 
device is .250” and has an OD of .225”; it 
mounts with axial wire leads. Also in- 
eluded in the line is a press fit hermeti- 
eally sealed rectifier conservatively rated 
for 50 amperes at 25°C case temperature. 
These devices are .625 maximum OD and 
have a maximum body length of .380”. 
Circle 112 on Reader Service Card 


Transistor Radiator/Retainers 


The Birtcher Corporation/Industrial 
Division has developed a new combina- 
tion transistor heat radiator and retainer 
ealled “Kool-Tainer” and offered in two 
sizes, designated 3AL-725 and 3AL-728. 
The devices reduce heat up to 25% ow- 
ing to increased surface area provided by 
their multifin design. Sides of mounting 
holes are slotted to accept a wide vari- 
ance of case diameters from 0.310-0.325” 
and 0.475-0.490” for all the more impor- 
tant transistor package sizes 
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Degassing/Oxidation Furnace 


A new furnace, developed by BTU En- 
gineering Corp., and designated Tandem 
Transheat, combines decarburization (de- 
gassing) and oxidation of Kovar into one 
continuous operation, prior to use in 
glass-to-metal seals. The advantages are 
the prevention of contamination after de- 
gassing and the creation of a_ highly 
uniform and reliable oxide coating on the 
Kovar which assures a proper seal with 
uniform production results. In addition 
to increasing the quality and yield fac- 
tors, this furnace also reduces produc- 
tion costs by eliminating double handling, 
according to the company. 
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by WEST | 


Model JSBG 
Stepless 
Program 

_ Controllers 


Part of diffusion 
furnace room, 
Hoffman Electronics 
Corporation, 

El Monte, California. 
Process is one step in 
critical manufacture of 
silicon solar cells. 


Semi-conductors are grown by a 
highly integrated process, involving 
time-temperature control. Only the 
most precise control delivers the 


required quality, uniformity, efficiency. 


Leading producers of semi-conductors 


find best results from the market’s most 


compact, integrated Stepless Program 


Controller: by West. This unit infinitely 
modulates heater power and coordinates 


time-and-temperature control for even 


the most unstable systems. 


Also available: models combining 
Gardsman off-on, proportioning or 
3-position controllers with programming. 


All are tubeless and noted for 


minimum maintenance and operating 


requirements. Ask your West 


representative or write for 


Bulletin JSB and JG. 


WEST frstunent 


SALES OFFICES IN PRINCIPAL CITIES 


4353C W. MONTROSE, CHICAGO 11, ILL. 


British Subsidiary: 
WEST INSTRUMENT LTD., 


52 Regent St., Brighton 1, Sussex 
Represented in Canada by Davis Automatic Controls, Ltd. 


the trend is fo WEST 
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—And Becco will work with you to help you design the 
system best suited to realize the economies—and quality 


standardization — inherent in bulk shipments. 


ns - . a 

Here’s a new, stabilized 30% Hydrogen 
‘ Peroxide, specifically developed for 
transistor etching—Becco Electro Grade 
H202, with pH value of 3.0 to 3.5. Made 
from pure electrolytic H202, this new 
peroxide is available in 30- and 55-gallon 
polyethylene drums to save you many 
dollars! 


What’s more, Becco engineers will work 
with you to help you design a closed sys- 
tem, to guard against impurities. This 
means you get all the economies of bulk 
shipments...and assurance of a pure : 
product at the same time. Whatever 
your needs, rely on Becco, the specialist _ 
in Hydrogen Peroxide for over 36 years! 
Becco Electro Grade H»2O2 is available 
now from shipping centers strategically | 
located throughout the country. There’s ' 
one near you. Why not take advantage | 
of it? ; 
Mail coupon for full information on 
Becco Electro Grade Hydrogen Peroxide. 
a Ss 


| 
j 
i 
H 
i 
i 
i 
j 


Name 
i Title ; 
Company 
q Street = k 
f Ciy = — = Zone State Hl 
i BECCO 


CHEMICAL DIV. j 
Ey, Dept. SCP-61-15 J 
er, New York 17, N.Y. 
ee ee es “i 


161 E. 42nd St. 
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Industry News ... 


CONFERENCE CALENDAR 


The Following August 1961 Meetings Are Scheduled: ; 


Aug 16-18 2nd International Electronic Circuit Packaging | 
Symposium, University of Colorado, Boulder, ; 
Colo. For Information: U. of C., Dept. of Elec- . 


trical Engng. 
Aug 22-25 WESCON (Western Electronics Show & Con- 


ference), Cow Palace, San Francisco, Cal. | 
Sponsored by LA & SF Sections, WEMA, and | 
IRE 7th Region. For Information: E. W. Her- | 


old, c/o WESCON, 701 Welch Rd., Palo Alto, 
Cal: 


Aug 23-25 Pacific General Meeting, AIEE, Hotel Utah, 
Salt Lake City, Utah. 


Aug 30- 3rd Annual AIME Semiconductor Metallurgy 
Sept 1 Conference, Ambassador Hotel, Los Angeles. 
For Information: W. V. Wright, Electro-Opti- 


cal Systems, Inc., 125 N. Vinedo Ave., Pasa- : 


dena, Cal. 


A series of six seminars during WESCON in San Fran- 
cisco will be conducted by Pacific Semiconductors, Inc., 
according to Dr. Harper Q. North, PSI president. The 
two-hour sessions will be on subjects tentatively titled 
“Solid State Frequency Multiplier/Transistor Combina- 
tions in the UHF Region;” “All Transistorized Commu- 
nications Circuitry;” “Computer Design;” “The Laminar 
Approach to the Universal Diode;” “Practical Aspects of 
Microminiaturization Techniques;” and “Reliability—Not 
a Word but a Discipline.” Scheduled at 2 pm August 22, 
10 am and 2 pm August 23 and 24 and 10 am August 253 
the seminars will be held in the Borgia Room, St. Francis 
Hotel, and will be conducted by technical teams selected 
from various PSI divisions. 


Thermoelectric refrigeration, heating, and power gen- 
eration will become a booming industry by 1965, with 
annual sales reaching over $425 million. By 1970 annual 
sales will probably reach $3 billion. This is the prediction 
made by Dr. Robert A. Bernoff, director of research, Ma- 
terials Electronic Products Corp., Trenton, N.J. Dr. Bern- 
off said, “Thermoelectrics will have a good part of the 
industrial and military markets and will radically change 
the consumer electric refrigerator-appliance field.” Ac- 
cording to Dr. Bernoff, thermoelectric cooling is practical 
now for small system consumer applications such as port- 


able refrigerators, dehumidifiers, water coolers, and re- | 


frigerated serving tables. He says further that typical 
household applications by 1965 will include thermeolectric 
kitchens with distributed cooling in refrigerated drawers, 
table-top chilling and warming of dishes. He looks for 
these industrial applications by 1965: Aircraft and truck 
cooling, cooling for industrial motors, and refrigeration for 
vending machines. Military expenditures for thermoelec- 
trics may reach $100 million annually by 1965. 
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affiliate of 
aperior Tube Co. 


FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


JOHNSON &€ HOFFMAN 


VAN U FACT U REN:G 


31East 2nd Street « Mineola, 


COR PORAT FON 


New York « Pioneer 2-3333 
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RESEARCH AND DEVELOPMENT 


| Wafer-thin “solar-sandwiches,” designed to convert the 

’s energy to electrical power for space vehicles, are 
ow being developed for the U.S. Air Force by General 
itomic Division of General Dynamics. The new-concept 
olar power producer, which consists of a large number 

f tiny thermoelectric elements placed between two thin 
hetallic sheets, is expected to have marked weight and 
ost advantages over present solar cell systems in provid- 
ng auxiliary power for space vehicles. The panels are 
»eing developed under a study contract awarded by the 
Air Force’s Aeronautical Systems Division at Wright- 
atterson Air Force Base, Ohio. 

As envisioned by General Atomic, the light-weight 
ower generating system would consist of a number of 
hese thermoelectric panels (about one-tenth of an inch 
hick), joined together to form sheets that would be folded 
ap for launching, and then extended once the vehicle is 
N space to collect and convert the sun’s energy into elec- 
icity. 

Dr. Robert W. Pidd, manager of General Atomic’s pro- 
sram for the direct conversion of heat to electricity, said 
that in the range of a few watts to several kilowatts, the 
xoncept shows promise of being both lighter and cheaper 
than any other type of auxiliary power generating system 
with similar output. For example, he said, a one kilowatt 
generator designed for operation near Venus might weigh 
only 20 pounds, while a one kilowatt generator for opera- 
tion near Mars might weigh about 80 pounds. Generators 
with lower power ratings would have proportionately 
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smaller weights. 

The panels differ from photoelectric solar cells in that 
they first convert the sun’s energy to heat and then to 
electricity. Solar cells convert sunlight directly to elec- 
tricity. The thermoelectric elements, made of a semicon- 
ductor material, are sandwiched between two specially 
treated metallic sheets, a collector and a radiator. The 
collector will convert solar energy to heat, which it will 
pass to the thermoelectric elements. These in turn, will 
convert the heat to electricity, which may then be with- 
drawn by completing a circuit across the collector and 
radiatior. The radiator will reject waste heat to space. 


The possibility of using direct current for transmission 
of electric energy within the next quarter of a century 
was raised at the Summer General Meeting of the Ameri- 
can Institute of Electrical Engineers. It may be that for 
transmission, “direct current, which was the dream of 
Steinmetz many decades ago, will come into its own,” 
R. C. Mildner and John J. Grebe, of the Dow Chemical 
Company, Midland, Mich., told an AIEE insulation sym- 
posium in a technical paper titled, “Objectives for Over- 
coming Temperature and Electrical Stress Barriers of 
E.H.V. Cable Insulation Through Molecular Design.” “In 
Europe experience is being gained in the operation of the 
d-c transmission techniques that have been developed, 
and it may be that solid-state rectifiers, based on the 
super-purity silicon which is coming into ever-increasing 
production, will make their contributions in this field.” 
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Demineralizing NEWS 
Equipment 
rom 


Fully “Packaged” 
System Supplies 
125-150 GPH of 
18 Megohm Water 


Penfield’s new S-150 Demineralizing System in- 
cludes multiple influent filters to remove turbidity, 
master dual-column demineralizer, scavenging car- 
bon filter, polishing mono-column demineralizer, 
sub-micron effluent filter — all completely ‘‘pack- 
aged” on a single skid, ready to deliver an 
effluent of 18 megohms and better upon simple 
connection to service lines. (Other fully ‘‘pack- 
aged’’ Penfield systems available with capacities 
from 60 to 10,000 GPH.) 


Pressure-Type 

Demineralizer 

“Polishes” to 
Ultra-High Purity 
at Point-of-Use 


The Penfield PM-8 Demineralizer supplies up to 50 
GPH of 18-22 megohm water — is ideal for point- 
of-use ‘‘polishing.’’ Permanent cartridge design 
prevents raw water by-pass experienced with 
“canned” resin units. Cartridge unscrews by hand 
to permit easy resin renewal from bulk supplies, 
enabling substantial savings in replacement resin 
costs. Unit also can be charged for use as a 
cation exchanger, anion exchanger, carbon filter, 
oxygen or organic remover, and is adaptable for 
scavenging oil from gases. 


In-Plant 
Regeneration Unit 
Saves 90% of Costs 
of Demineralized 
Water 


A Penfield Regeneration Unit makes the renewal 
of exhausted resins from Point-of-Use Deminer- 
alizers an easy in-plant function. Operator merely 
feeds resin into unit, then turns a single master 
switch to control resin separation, regeneration, 
rinsing and proper re-mixing. Average operating 
cost, including all labor and regenerants, is less 
than 30c per cartridge. 


Fully Integrated 
Weir Washer 
“Polishes,”’ 

Heats, Monitors, 

Cascading Water 


Integral filters and pressure-type demineralizers 
enable circulation of 18-22 megohm water through 
multiple partitioned tank of a special weir design 
that precludes stagnation. Direct reading conduc- 
tivity meter permits instant monitoring at any of 
three check points. Novel clip bar makes replacing 
heat elements simple. (Penfield also constructs 
weir washer tanks in standard sizes or to cus- 
tomer specifications, using a wide variety of ma- 
terials such as block tin, cast acrylic plastic, etc.) 


15 years of ion exchange pioneering means 
that Penfield has on file field-proved 
answers to most industrial water prob- 
lems — usually can detail the system you 
need by phone, ship your comipletely ‘‘pack- 
aged’’ units in a matter of days. Try a 
phone call or letter and see for yourself. 


Manufacturing Co., Inc. 
Telephone: BEverly 5-1694 
14. High School Ave., Meriden, Conn. 


Serving the Electronics Industry with lon Exchange 
Systems ¢ Filters e Weir Washers ¢ Parts Baskets 
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New 
Literature 


Slater Electric Inc., has announced the 
availability of its new series of silicon 
rectifier bulletins describing its miniature 
“Trim-Line.” The new 26 page set of 
bulletins is a cross reference of the most 
popular JEDEC top hat numbers and 
includes characteristic curves and other 
engineering application information. The 
set also includes bulletin 1D-112 which 
describes special series of flangeless units 
up to 1.8 amperes which permits direct 
wiring into the circuit without employing 
a heat sink. 


Circle 150 on Reader Service Card 


A new booklet on epitaxial germanium 
and silicon mesa transistors and epitaxial 
silicon mesa diodes has been made avail- 
able by Sylvania. Entitled ““A Case His- 
tory in Progress,’ the mew §8-page 
brochure contains the mechanical con- 
figuration and electrical characteristics 
of six new high speed switching epitaxial 
mesa transistors and four silicon mesa 
diodes. It also includes a typical circuit 
utilizing epitaxial units. 
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Catalog Bulletin 3180.1 has been issued 
by Kinney Mfg. Division, The New York 
Air Brake Company, describing their Me- 
chanical Booster High Vacuum Pumps, 
KMB Series. Bulletin gives general de- 
scription, applications, performance, 
specification chart, modifications, etc. 
Fully illustrated with photos and typical 
pumping speed curves. 
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The tri-clad alloy junction material, 
indium clad aluminum, recently an- 
nounced by Accurate Specialties Co., Inc., 
is now fully described in a technical data 
bulletin designated Z-107. It describes the 
sequential melting process which makes 
the indium clad aluminum preform highly 
desirable in forming “P” type alloy junc- 
tions in germanium semiconductors. The 
bulletin further offers data as to cladding 
thicknesses available, preform sizes and 
tolerances. 
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General Electric Company has  pub- 
lished a new 6-page brochure on its ger- 
manium n-p-n transistor, type 2N1289. 
According to the new bulletin, No. 30-67, 
the transistor combines high current gain, 
high frequency performance, low collec- 
tor capacitance and low leakage current 
with a high emitter breakdown voltage. 
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An information bulletin describing the 
characteristics and applications of 
Epoxy E-Form adhesive pellets is avail- 
able from Epoxy Products Division, Jo- 
seph Waldman and Sons. Bond strength; 
thermal, electrical and chemical charac- 
teristics; production line bonding tech- 
niques; and curing are discussed in sepa- 
rate sections of the bulletin. Typical 
applications for epoxy adhesives are de- 


scribed in terms of bonding problem and 
solution. 
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— GARNER provides tighte: 
tolerances... improve: 
roundness and concentricit! 
... Squarer and smoothe: 
end cuts. . 


Parts ultrasonically scrubbed, cher 
acally cleaned, and rinsed in deior 
ized water. Shipped ready for you 
production line. 


Meeting your specifications is in 
sured by continuous inspection 
starting with raw material. 


Fast dependable deliveries based o- 
large stocks of redraw tubing . . 
advanced production equipment 
and the ability to move quickly. 


Send for complete data. 


T. H. GARNER Co. 


Serving the semi-conductor | 
industry since 1954 | 


177 S. INDIAN HILL BLVD. 
CLAREMONT, CALIF. + NAtional 6-352 


Circle No. 35 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e JULY 196 


} 
| 


ISLER @eeca name to re- 


ember in GLASS WORKING MACHINERY 
Automatic and Semi-Automatic Ma- 
hines to suit your production needs in 
the electronic and TV tube industry. 


EISLER 73 KVA PRECISION VERTICAL SPOT WELDER 


NO.57-12-cW } | 


HIGH TEMPERATURE HYDROGEN 
ATMOSPHERE FURNACE 


{f 


| NO. 85-CPC-RAW 


NO.23-24-BSTI 


| EISLER ENGINEERING CO., INC. 
| 766 So. 13th St., Newark 3, N.J. 
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Written in catalog style, an 8-page 
booklet gives a detailed presentation of 
Tektronix mew high-speed laboratory 
oscilloscope. Designed for observation, 
measurement, and photographic record- 
ing of wideband phenomena, the Type 
519 clearly displays waveforms with frac- 
tional-nanosecond risetime. The booklet 
contains specifications, performance char- 
acteristics, pertinent illustrations for 


‘various high-speed measurement applica- 


tions. 
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“The Way to Better Semiconductor 
Production” is the title of a new 20-page 
booklet in color issued by Lindberg 
Engineering Company. It describes and 
illustrates the many pieces of equipment 
now built by Lindberg for precision con- 
trol in the production of semiconductors. 
The booklet also describes the laboratory 
as well as research and design services 
available. 
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What is available for semiconductor de- 
sign and manufacture? What metals or 
alloys? What type and size of spheres, to 
what tolerances, at what purities? What 
of dises, washers, cylinders, pellets, split 
rings, wire shapes, ribbons, castings? 
These and many other pertinent ques- 
tions can readily be answered by a new, 
up-to-date report now available from 
Semi-Alloys, Inc. 
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Just off the press, is the new edition of 
LABLOG, supplement to Will’s General 
Catalog 7. Contains information on nu- 
merous laboratory instruments and ap- 
paratus. 
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Design engineers, lab technicians and 
field engineers can greatly cut the time 
they usually spend gathering data about 
semiconductor diodes and rectifiers by 
using the new 300-page Characteristics 
Tabulation just published by Derivation 
and. Tabulation Associates, Inc., Orange, 
New Jersey. Updated semi-annually, the 
April, 1961 edition (Volume 7) contains 
detailed specifications covering the 10,- 
000 different types manufactured by every 
one of the 116 diode and rectifier manu- 
facturers in the world. 
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Two-color 8 page brochure announces 
the first of a family of Micrologic ele- 
ments developed by Fairchild Semicon- 
ductor Corporation. The brochure de- 
seribes applications and logic design with 
the Micrologic flip-flop in addition to 
providing diagrammatic drawings of the 
five other elements, all of which operate 
over the full military environment at bit 
rates above 1 mc. 
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A. four-page brochure listing the char- 
acteristics of 86 conventional glass silicon 
diodes is now available from Computer 
Diode Corporation. The catalog, D-100, of 
hermetically encapsulated diodes now in 
stock comprises 35 general purpose sili- 
con diode types and 51 silicon computer 
diode types. The maximum power dissi- 
pation is 250mW at 25°C. The operating 
temperatures range from ~—65°C_ to 
+200°C, 
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HARVEY RADIO 


are on 
the move | 


vm eNEW TYPES 
eNEW PRICES 


a 
50 AMP. ROUND BASE 
TO 36 
35. AMP. ROUND BASE 


TO 36 
TO 36 


25 AMP. ROUND BASE 


2N1520 
2N1521 


2NI518 TO 36 
2NI519 TO 36 
15 AMP. ROUND BASE 
2N1100 
2NI412 
2N1970 
2N1099 TO 36 
JAN 2NI74 TO 36 16.50 
2N1358 TO 36 16.50 
2N1358 (Sig. C) TO 36 16.50 
2NI74A TO 36 16.50 
2NI74 TO 36 
2NI73 TO 36 
2N443 TO 36 
2N278 TO 36 
2N442 TO 36 
2N277 


2N441 


2N392 


2NIOII TO 3 5.25 
2NIOII (Sig. C) TO 3 10.50 
2N1159 TO 3 5.25 
2N1168 TO 3 3.00 
2N1534 TO 3 2.25 
2N1535 TO 3 2.40 
2N1536 TO 3 3.80 
2N456A TO 3 2.60 
2N457A TO 3 3.30 
2N458A TO 3 4.70 
2N1021 

2N1022 


2N1160 


2N665 i 
2N665 (Sig. C) TO 3 12.00 
JAN 2N665 TO 3 12.00 
2N669 TO 3 1.80 
2N553 TO 3 6.00 
2N1971 TO 3 4.50 
2N297A (Sig, C) 


2N297A_Com. 

1.5 AMP. 
2N1172 
2N1609 
2N1610 
2NI611 
2N1612 


INLIGIA 2.60 


INTI92A 3.40 
INII93A 4.50 
INLI94A 6.00 


IN1183A 
INLI84A 
INII85A 
INLI86A 


INFORMATION PRINTED IN 
BOLD INDICATES NEW TYPES 
hey AVAILABLE AND PRICE CHANGE. 
ae PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 


Ch a 


PRODUCTS OF = 
GENERAL MOTORS CORP. 


7 
HARVEY RADIO CO., INC. 


103 West 43rd Street, New York 36, N. Y. 
JU 2-6380 
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by George T. Sermon, President 
United Carbon Products Co. 


ls Bigness Bad? 


I’m talking about size that has finan- 
cial strength and capacity to pro- 
duce quality goods in volume at fair 


prices . . . bigness that offers cus- 
tomers the finest technical skill and 
experience to be had. 


Unfortunately, when you buy small, 
you may handicap your own growth 
potential. It’s that simple! 


Assume you have a new mesa 
transistor at the pilot plant stage. 
Your research says there’s a strong 
market. Your graphite boats are 
purchased from a small job shop 
simply because of a minor price 
advantage. The pilot run is started. 


Bonanza! The market research was 
right. The pilot plant transistors 
are selling fast. Competition begins 
to move. Now you order several 
hundred graphite boats. 


The small job shop excitedly goes 
to three shifts and quality starts 
falling. In three months it is ob- 
vious you need several thousand 
boats before the end of the year. 
Then the program stalls! Compe- 
tition really moves in to get the 
profits because you initially did not 
buy bigness to match the potential 
of your own product. 


As a good guide to determine what 
size your source of graphite parts 
should be, ask “Does it have the 
capacity to meet the potential of our 
product?” United has that capacity. 


WERE carbon products co. 


BOX 747 
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Graphite Facts 


BAY CITY, MICHIGAN 


INDEX TO 
ADVERTISERS 


For reference purposes, the advertisers 
index includes all regular advertisers 
who have run within the current con- 
tract year. These advertisers who appear 
in this issue are indicated by the page 
number adjacent to their listing, and are 
shown in a bold-face type. 


Accurate Specialties Company, 
Incorporated’ 2... ccems. css A 

Aerotronic Associates, 
Incorporated 

Allegheny Electronic Chemical 
Company 

Allied Chemical Corporation 
General Chemical Division .... 6 

Allied Radio Corporation 

Alloys Unlimited Incorporated 

Alloys Unlimited Chemicals, Inc. 

Alpha Metals, Incorporated 

American Optical Company 

Art Wire & Stamping Company 

Avnet Corporation 


Baker, J. T. Chemical Company 2 
Barber-Colman Company 
Wheelco Industrial 
Instruments Division 
Bay State Abrasive Products Co. 
Becco Chemical Division Food & 
Machinery & Chemical Corp. .. 50 
Bell Telephone Laboratories 
Birtcher Corporation, The 
Blue M Electric Company 
Boonton Electronics Corporation 
Brady, W. H. Company 
Brinkman Instruments, Inc. 
Bronwill Division of Will 
Corporation 
Burke & James, Incorporated ... 54 


C. P. Clare Transistor Corporation 
Carborundum Company ........ 44 
Ceramics For Industry, 
Corporation 
Charleston Rubber Company 
Cohn, Sigmund Corporation 
Composite Industrial Metals, Inc. 
Conforming Matrix Corporation 
Consolidated Mining & Smelting 
Company of Canada 
Consolidated Reactive Metals, 
Incorporated 
Consultants Bureau 


Davies-Shea, Incorporated 

Davison Chemical Company 
Division of WR Grace ...... re 

Delta Design, Incorporated 

Design Tool Company 

Despatch Ovens Company ...... 42 

DI-Tran Corporation 

Dixon, Wm. Incorporated 

Dow Corning Corporation ...... 4 

Duramic Products, Inc. .......... 42 

Dynatran Electronics Corporation 


Eagle-Picher Company, The .... 10 
Eisler Engineering Co., Inc. ..... 53 
Electro Impulse Laboratory 
Electronic Laboratory Supply 
Company 
Electronic Metals and 
Electronic Research Associates 
Alloys, Inc. 
Blinex 36 ose ee 44 
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Handle Miniature Parts? 


THE VACUUM TWEEZER SYSTEM V-100) 
$39.95 complete 


SYSTEM V-100 is the FIRST and ONLY precisier 
MINIATURE PARTS HANDLING SYSTEM— 
utilizing vacuum energy—specifically designed for! 
use in the handling of, tiny, delicate components 
The V-100 is a complete self-contained and portable 
system. The basic assembly consists of a small 
adjustable and patented electro-magnetic WVAC- 
UUM GENERATOR approved by the Underwriters 
Laboratories, an unique VACUUM PENCIL andg 
several VACUUM PICKUP TIPS. Fingertip contro) 
of vacuum permits operator to quickly pick-up,y 
hold, sort, carry or deposit miniature parts—without 
causing damage or defects. 
JUST A TOUCH OF THE VACUUM TIP TO } 

THE SURFACE OF A PART AND IT’S 

READY TO GO EXACTLY WHERE 
YOU WANT TO PLACE IT. 

SYSTEM V-100 is the most practical tool evenq 
designed for handling small, intricate parts. SAVES 
YOU TIME AND MONEY. ! 


THE VACUUM TWEEZER CO.) 

POST OFFICE BOX 25 

AVENEL, NEW JERSEY 
FULTON 1-8200 
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PHOTO 
Equipment 


@ CAMERAS, En- 
larging, Copying, 
Reducing, Profes- 
sional, Special. 


@ BACKS, World’s 
Greatest Selection. 

@ DEVELOPING 
Equipment. 

@ DRYERS 

@ ENLARGERS, 


Solar. 
@ GRAPHIC ARTS 
Equipment. : 2 
@ LENSES, World's 145 illustrated 
Largest Variety. pages of the new- 
WeGuNe est and finest 
, “at 
Strobe, Hi-Pro. BDO Teele one 
Techniques” ever 


SLReINtene assembled in one 
@ PROCESSIN : 
S book! Write for 


@ SLIDE Equip. 

e TANKS yours... 
@ CINE- MICROFILM 

@ INSTRUMENTATION 


FINE PHOTO 
EQUIPMENT 
SINCE 1897 


BURKE & JAMES, INC 
321 S.Wabash Chicago 4, Illinois 
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CURRENT GOVERNOR 


Model CS-111 


fr Constant Current 


© Precision Current Source 
@ Transistor and Diode Tester 


' igh Accuracy 
> Hig » Excellent Srebility, rogranmebl 


For testing and measurement of 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 


e@ Current Range is 10a to 500 ma 
with 5 decade selectors. 

@ Regulation and stability 0.05% 

@ Accuracy 1% 

In use by leading companies for 

transistor avalanche test, diode 

PIV test, clutch testing, calibration. 


Literature describing this and other 
constant current sources from 0.1ya to 
30 amp. may be obtained from 


NORTH HILLS 
Electronics Co. 
Glen Cove L. I., N. Y. 
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PREFORM WIRE 
FOR SEMICONDUCTORS 


WE PUT A HANDLE ON tiny wire 
| bends...and transistor assembly costs 
tumbled! Adaptable to manual, semi- 
| automatic, or wholly automatic operation, 
ese easy-to-handle preform wires are 
available in any shape—and in every wire 
| material. 


Successfully used in TO-5 and half- 
size TO-18 packages. 


CALL or WRITE TODAY for LOW PRICE and 
FAST DELIVERY—to your specifications 


SPHERES * PELLETS » WASHERS * CLAD METALS 


-SEMI-ALLOYS, Inc. 


0.N. MacQuesten Pkwy. + Mount Vernon, N. Y. 
Tel. MQunt Vernon 4-2800 
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Espey Mfg. & Electronics Corpo- 
ration Saratoga Semiconductor 
Division 

Ewald Instruments 


Federated Electronics, Inc. 
Fisher Scientific Company 


Garner, T. H. Company 

Gasket Manufacturing Company 

General Electric Company 
Lampglass Division 
Semiconductor Products 
Department 

General Instruments Corp. 

Glass-Tite Industries, Inc. 

Grace Electronic Chemicals, Inc. 7 

Graphic Systems 

Greibach Instruments Corp. 

Guardian Mfg. & Supply Corp. 


Harvey Radio Co., Inc. .......... 53 

Hayes, C. I. Incorporated 

Hevi-Duty Electric Company ... 8 

Hoffman Electronics Corporation 
Semiconductor Division 

Hughes Aircraft & Company 

Hunter Tools Company 


Indium Corporation of 
America, The 

Induction Heating 

Industrial Instruments, Inc. 

Institute of Radio Engineers 

International Business Machines 


Jelrus Technical Products 
Corporation 

Johnson & Hoffman Manufac- 
turing Corporation 


Kahle Engineering Company ... 

Kanthal Corporation, The 

Kewaunee Scientific Equipment 

Kessler, Frank Company, Inc. 

Knapic Electric-Physics, Inc. 

Kulicke & Soffa Manufacturing 
Company, The 


L & R Manufacturing Company 

Lafayette Radio 

Lepel High Frequency 
Laboratories 

Lindberg Engineering Company 


Mallinckrodt Industrial 
Chemicals Division 
Mann, David W. Company 
A Division of Geophysics Cor- 
poration of America 
Manufacturers Engineering & 
Equipment Corporation 
Marshall Products Company 
Merck & Company Incorporated 
Electronic Chemicals Division 1 
Micromech Manufacturing 
Corporation Lae ea nase es aL eo 
Milgray Cover IIA-ITB 
Monsanto Chemical Company 
Mueller Electric Company 


NRC Equipment Corporation 

Nat-Tel-Tronics Corporation 

Newark Electronics Corporation 

New York Air Brake Company, 
The Kinney Manufacturing 
Division 
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epel 


HIGH FREQUENCY 
Juduction 


EATING 


Lepel induction 
heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
producing progressive crystallization. 


FLOATING ZONE Be CRYSTAL PULLING 

The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments, The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 

change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 


HIGH FREQUENCY 
Lepe (aporatoris, INC. 


55th ST. & 37th AVE. WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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ah) 


eee expand 
— your research potential through 


LAFAYETTE 


PHILO 
mil spec. mt ea 
semiconductor 

accessibility 


High frequency amplifier 

High speed switch 

High speed switch 

Medium frequency amplifier (Silicon) 
Medium speed switch (Silicon) 

VHF amplifier 

Very high speed switch 

VHF amplifier 

Medium speed switch 

Medium frequency amplifier (Silicon) 
Medium speed switch (Silicon) 

VHF oscillator 

High speed switch 

HF amplifier (Silicon) 

HF amplifier (Silicon) 

High speed switch 

High speed switch 

Very high speed switch 


2N495, MIL-T-19500/54A (Sig C) 
2N496 MIL-S-19500/85 (Sig C) 
2N499 MIL-S-19500/72A (Sig C) 
2NSO1A MIL-T-19500/62 (Sig C) 
2N502A MIL-S-19500/112 (Sig C) 
2N599 MIL-S-19500/166 (Navy) 
2N1118 MIL-S-19500/138 (Sig C) 
2N1119 MIL-S-19500/139 (Sig C) 
2N1158A MIL-S-19500/113 (Sig C) 
2N1199A MIL-S-19500/131 (Sig C) 
2N1200 MIL-S-19500/105 (Sig C) 
2N1201 MIL-S-19500/101 (Sig C) 
2N1411 MIL-S-19500/133 (Sig C) 
2N1499A MIL-S-19500/170 (Sig C) 
2N1500 MIL-S-19500/125 (Sig C) 


By it’s very pioneering nature, research demands and consumes 
components at a virtually unquenchable rate. The engineer who 
loses time waiting for delivery of components that could be at 

his fingertips, does not achieve his full potential. When he loses time, 
his company loses money. Lafayette’s “total capability” in industrial 
electronics strengthens the talents and training of your research staff 


with the widest, most comprehensive selection of electronic 
materials available. 


9 

For example, PHILCO S broad Military line of transistors— 
the entire line available in quantity at factory low prices from 
Lafayette’s huge stocking facilities. Immediate shipment to any point in 
the U.S. and Canada. Your research program gains hours, even days, 
having filled it’s needs faster from Lafayette than any other source. 


Thousands of Electronic Firms have expanded 
their research potential through Lafayette. Has Yours? 


Seat ee 
INDUSTRIAL ELECTRONICS DIVISIONS 
“ENTERPRISE’’ NUMBERS IN MAJOR CITIES 


JAMAICA NEW YORK NEWARK BOSTON 
165-08 LIBERTY AVE. 100 SIXTH AVENUE 24 CENTRAL AVE. 110 FEDERAL ST. 
JAMAICA 33, N. Y. NEW YORK 13, N.Y. NEWARK 2, N. J. BOSTON 10, MASS. 
AXTEL 1-7000 WORTH 6-5300 MARKET 2-1661 HUBBARD 2-7850 
TWX: NY 4-933 TWX: NY 1-648 TWX: BS-447U 
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North Hills Electronics, Inc. .... 55 
Norton Company 


Ohio Carbon Company 
Optimized Devices, Incorporated 


PRL Electronics, Incorporated 
Penfield Manufacturing 
Company, Inc: (05. 48-52 
Pereny Equipment Company, Inc. 
Philco Corporation 
Lansdale Division Cover Ii 
Pitt Precision Products, 
Incorporated 
Power Designs, Incorporated 
Pure Carbon Company, Inc. 


Radio Receptor Company, Inc. 
Raytheon Company 
General Instrument Corporation 
(Commercial Apparatus & 
Semiconductor Division) 
Test & Production Tools 
Semiconductor Division 
Reid Brothers Company, Inc. 
Rescon Electronics Corporation 
Research Chemical Division 
Nuclear Corporation of America 
Ross, Milton M., Company 


SS-128 
Schweber Electronics 
Sandland Tool & Machine 


Company 
Secon Metal Company 
Semi-Alloys, Inc... 2.0... cmee 5D i 
Semiconductor Specialties 

Corporation 25.522. 30 ee 48 | 
Semimetal, Inc: 2.020.426 3. see 16 i 


Sonex, Incorporated 
Sprague Electric Company Cover.IV © 
Sylvania Electric Products, 
Incorporated 
Che~ical & Metallurgical 
Division 
Parts Divisions. -2 o--- ees 13 | 
Techni-Rite Electronics, 
Incorporated 2.3.4.2 2 eee 45 
Tektronix, Incorporated 
Temperature Engineering 


Corporation) =..3-6 0-0 Cover III 
Texas Instrument 
Incorporated ....902 eee 12-47 


Trak Electronics Co. Div. of 

Textool Products, Inc. 

CGS Laboratories 
Trans Electronics Corporation ... 44 
Tri-Metal Works, Inc. .......... 11 
Trinity Equipment Corporation 


United Carbon Product 
Company 3...2..;. ackeee Ree 54 
Unitron Instruments Division of 
United Scientific Company 


Vacuum Tweezer Company ..... 54 
Veeco Vacuum Corporation 


Wallson Associates, Incorporated 

W. M. Welch Manufacturing 

Wheelco Industrial Instruments 
Company 

West Instrument Corporation 
DIVISION Sirens eee no ota 

5S. S. White Industrial Division 
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NEW 
ALL-ALUMINUM 
CONSTRUCTION FOR 


AUTOMATIC Sa ee 
RECIRCULATING DRYER 


® For continuous operation at 2000 SCFH at Dew: ¢ Even heat, automatically cycled 
points to —100°F 
« For maximum dust elimination . . . 5 micron filter © Shock: AaKETtEd | Clewier 
built-in... .3 micron accessory filter available. © Price: $3960 F.O.B. Riverton, N. J. 
* Gas taken off for tower regeneration is saved 
and recirculated . . . completely eliminating gas © Other recirculating and in-line models with capa 
dumping cities from 250 SCFH 


Controlled 
Atmosphere 
RES 


Vacuum 
Gauges 


Drying 
Ovens” 


Vacuum 
Ovens* 


"Patents Pending 
Write for Complete Technical Information and Catalog 


TEMPERATURE 
ENGINEERING 


CORPORATION 460 TEMPCOR BOULEVARD RIVERTON, NEW JERSEY 
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A New Source for 


high speed switching! 
high frequency amplification! 
high temperature operation! 


Sprague offers a dependable source of suppl 
for Silicon Surface-Alloy Transistors which ar 
completely interchangeable with all others bearing 
the same type numbers. 


actual size | 


Silicon Surface-Alloy Transistors may be op: 
erated at junction temperatures up to 140 Cwit 
excellent performance. Designed for amplifies 
and oscillator applications at frequencies thru 15 
mc., SAT Transistors feature low leakage currents 
and low saturation voltages. Amplifier stage gair 
2N1118 ian is exceptionally stable. At 140 C, it is within é 

eae | few db of the gain at room temperature. 


TYPE NO. SPECIAL PROPERTIES 


| | Hermetically-sealed SAT Transistors permit tha 
2N1118A | design of high frequency switching circuits with 
excellent control of output levels over a widé 
temperature range. Low saturation voltages anc 
ON] 1 19 7 | high collector-to-base voltages make them partic: 

ularly suited for Direct Coupled Transistor Logic: 


For complete engineering data on the types in which you ari 
interested, write Technical Literature Section, Sprague 
Electric Company, 467 Marshall Street, North Adams, Mass 


*trademark of Philco Corporation 


2N1429 


SPRAGUE COMPONENTS 


® 
TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE S 2 0 t UJ - 


CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY 
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 


‘Sprague’ and ‘© are registered trademarks of the Sprague Electric Co 
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